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The Distributional Effects of New Technology Under Risk
I. INTRODUCTION

The postmortem on the "green revolution” has begun to concentrate on the
discouragingly low rates of adoption and diffusion. A number of possible
barriers to the adoption of new technologies have been identified. They
include risk aversion, Fixed costs of. adoption, access to credity and tenurial
arrangements. . While the potential role of-these-"barriers" has.been discussed
at léngth in the ff@é?aﬁﬂré;fabtbnsistEnt concéptial-framework has not been o= -
ad-varzé..éd"wﬁich admits empirically cbserved behavior. ‘Most. of the work to date
provides detailed descriptions of individual country and regional experiences
and develops only heuristic arguments to explain observed behavior.

In addition to -adoption and diffusion barriers, policymakers have: hecome
increasingly concerned with the income-distribution effects of the green
revolution temhﬁe?agfes. In some instances, larger farms adopted new tech-
notogy merE‘raﬁié1y and received re]atiue%yﬁmére benefits. Some analysts have
argued that, since higher income farms may receive relatively more benfits and
low~income farms may be made worse off. (either relatively or absolutely), the
new technology should not have been introduced. Although average income may
have increased, social adversities associated with an:increased spread of
income distribution may fail to outweigh expected social benefits. Unfortu-
nately, as yet, no operational framework has been developed from which such
distributional fmplications may be evaluated.

Fmpirical studies of technological adoption and tecnn01ogy~baseé«rurﬁiv
development programs inevitably focus on the variation in adoption rates among
different-size farming operations. This concern reflects the wide-spread

recognition that the degree of technology divisibility influences its
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applicability for small landholders. Im general; the evidence regarding the
gross correlation between farm size and technology adoption is mixed. To be
sure, because of the complexity of the relationship between size §¥ 1anﬁ;
holding and adoption, simple statistical correlations provide limited guidance.
Empirical studies of the green revolution have concentrated on high- -
yielding-variety technology (HYV). The empirical.results tend to suggest
that, 'in theé early stages of the adoption process, farm size plays some role;
;bu%iﬁ%s'reigﬁiaﬂﬁhipViS“not:significanﬁ and it tends te vary widely between
"553555 atd ré@i@ﬁs.- A number: of : studies from India-and Pakistan report a posi-
t_:%séé:*ke_lat;iénship-b.étwefen farf size and initial adoption. [C-aﬁi!;fi»}io, 1973;
Grif?in; 19?2§ Schluter, 1871; von Blanckenburg, 1972; Matﬁia;’EQYI; and
Rochin, 1972]. Once adoption takes place, there is evidence which suggests
that owners of small- or medium~size farms plant a larger proportion of their
available’land to HYVs and employ a higher level of inputs than do larger
farms [Schluter, 1971; Muthia, 1971; Sharma, 1973; and van Der Veen, 1975].
Schulter [1971] found an inverse relationship between farm size and the pro-
portion of acreage allocated to HYVs in the case of rice, dajra, maize, and
jowar in India and that the relatiopship was more significant the longer the
period of time since the introduction of new varieties. Muthia [1971] found
that smalls and medium-size: farms. im south India copntributed a larger éhare of
total HYV acreage tham was their share of total cultivated acreage. Sharma
{1973} reported that the level of adoption of the total HYV package was. higher
in the case of small- and medium-size farms than for larger farms. Among
Philippine farms, van Der-Veen [1975] found an inverse relationship between
farm size and the amount of fertilizer and labor used per hegtgre‘l
Empirical investigations of use of fertilizer and pesticide per unit of

land show an even more confusing pattern. While many studies indicate no



significance different in chemical input use per acre between farms of
different sizes [e.q., Lipidﬁ, 1978, p. 321; Singn, 1979, pp. 58 and 59;
Parthasarathy aﬁd Prasad, 1978], others indicate é”ﬁeéativé're}éfiéhéhfp
between the amount cfaferti1izer applied per hectare and farm size. Perrin
and Winkelman {1976, p. 893] report significant effects of size in nea%]y half
of the studies ;oQéred by,their survey. Similar findinés are reported by
Clawson [1978].anq in a number of studies cited by Singh [1979, pp. 53

and 543, , . . - o Ce

The seemingiyxaonf1itting results that have been genekétéd by emp%fitai
studié$:are axaected‘becaus@ }andholding'size is a surrogételfe$ a whole array
of potentially important factors, such as access to credit, capacity to bear
risk, access to scarce inputs (water, seeds, fertilizers, insecticides),
wealth, human capital, access to information, etc. The influence of these
factors varies in different areas and over time as does the relationship
between landholding size and adoption behavior,

Conceptual frameworks which have been advaé%ed to explain this behavior
have concentrated upon the potential barriers to adoption and diffusion
[Feder, 1980; Feder and 0'Mara, 1979; Bhaduri, 1973; Newbery, 1975;
Srinivasan, 1972, 1979; Scandizzo, 1979; and Hiebert, 1974]. For example,
Feder and 0'Mara [1979] focus on the re?ationship'between farm size and the
process of adoption over time, assuming a fixed adoption set up cost and risk
aversion. Their model introduces dynamic elements through reduction of un-
certainty due to both learning by doing and exogenous effects. This con-
ceptual framework, along with the other factors mentioned above, treats

behavior of a single "representative” farm. What is required, however, is a

conceptual framework which can be empiricized for an entire rural region that
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having d?ffer&nt attatudes tﬁaard r}sk havang d1ffereﬁt access ta cred1t etc.
In th1s sett1ag, the purpase ef th1s paper 15 ta éeva)ap an 1ﬁternaizy

consistent conceptual framewﬁrk whwch (a) takes exp?1czt ‘sccount of tﬁémpoten—)?r

tial barr1ers ta adoptxon, (b) can be emp1ayed to 1nvest1gate the d}str1bu-

tional effects ef Tiew techno1ogy, and (c) adm1ts, as poss¢b]e 0utcomes the

‘As o

wea?th centre11éd by 1ﬁd1v%daa1 Farmers Exp]mt%t treatment af the d1strzbuu
tion of these factors among farmers is necessary ta explain 1ncome dwstribum

tion, barrigrs to adoption, and ava?!abTe emp1r1ca1 ev1dence.) Our approach is
to focus upon the raTat1onsh1§ between the adoptton dec1ston and the resource

endowments and 1ndxv1dua1 att1tudes. G1ven these relataonshups, Tt is pas—

other m1croparameter d1str1but1ons.
II. THE MODEL

Cﬁﬂsader 1n1t1a§1y a szngIe farm with fixed 1anan91d1ngs,u s aﬁd a tradrt1ona1'"

techno]agy, 19 3nvc]v1ng one crap whtch requ1res Vl Uﬂlts of varaab?e
3aputs par hectare and has a SUQJectxv& distrabution of qua51 rents per hac~
tare gaven by Ty o= plyl - wl ! whzch ?S d1str1buted N (“1’ al) where w] f%’
the price per unit for var%ab?e 1nputs (wh}th may STmply represent the oppor— :
tunity cost of using the 1nputs such as faml}y labor elsewhere) Exogene1ty

of the price of the aggregate variable input per unit results from competition

. since the production function is assumed to be fixed proportions for a
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given technology. Suppose also that, under normality, the farmer's objective

can be represented in a mean-variance framework with risk aversion coefficient

techno]og}, the decision problem is thus
(1) ’ max u.b w’écitz
L ¥1*1 171
1

where E(n) = y; and vaﬁééﬂce of ﬁi is deroted byfai, subject to
3..1 < ke

The first-order condition in the case of an internal solution implies

.M

i 295"

Thus, the resulting decision, in general, is

(2) L1='L_ 51&;: i;fe_gL’l‘if

|
-t
-
—
5
'
e
*

For the purpose of this paper, risk aversion is assumed to be mild enough
to lead to full employment of land when only one crop is consideréd; hence,

Now suppose a new technology, 32, is introduced. The farmer can alio-
cate some of his land to the traditional crop (at traditional costs) and some

of nhis land to a new crop {or a new method of producing the same crop}. The



second” crop, which will be referred to as the “modernvcrog,fzmay be a
high-yielding variety or a cash cragjuti1iziggymodern)inputs. On the other
hand, it -may be more. vulnerable to weather varigtions and tﬁug{carry a greater
degree of uncertainty regarding the returns.per hectare. Additional (and
subjective) uncertainty may also accémpany the modern crop due to the fact
that the farmer is lYess familiar @éth the new technology. Considering this
factor, the modern crop may be viewed as more risky even if, in reality, it is
no mﬁre suscept1b1e ta extreme weather satuat1ans than the trad3tlcna¥ crop.
Suppose pr@dutt1on of the moder& Crop requwres vz units of variable
inputs per hectare {possibly of a d1fferent mix than used by the traditiopal
tecnnique) at price W, per unit to attain a subgectﬁve d1str1but1on of quasi
rents per hectare of Ty S PoY, ~ Wy, which is d1str1buted N (uz, 02)
Also, suppose that both prices and yields of the traditional and modern

technigues are correlated with cov (ﬁl, vz) = 0395 i.e.,

with the covariance matrix assumed to be positive definite. Note that the
variances and covariance include subjective uncertainty about yields aﬁd
market access (prices) and may thus be inf¥uénced by both experience and
exteng1on efforts.

Nh1ie 1t may also be 3nterest1ng‘£é»consxder ?arlatTQn in 1eve1s of use of
modern 1nputs w1th the new technology, i.e., how optimal moéern anput use may
vary with resource endowments and behavioral parameters, Feder [1980] has

shown that, in some cases {(where a strictly riskless land-using activity

exists with sufficiently high returns to merit use of some resources for every
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relevant farm size, risk .aversion, etc., consideredé;‘madern input use per
hectare is independent of farm size, risk aversion,. uncertainty, and fixed
costs of adoption. |

In the context of the abuove prab?em;(the obiective of the farmer under the

new technology is

2 2, o
1: 2 - .
subject to
Lt e T
First-order conditions for maximization imply
ah y _
(4) -é*i-:l E u} R 2¢ (E.lﬂl + Laﬁlz} A _)_ 0,
3a
(5) ;t;"* uy ~ 26 (Lyoy, * L;) -2 > 0.
A T iy _1m s
T L-Ly~-12 >0,

2h BA . 34

e Ly m Oy S L = O, S— A = 0,

3L1 1 3L2

where A is the Lagrangian of the_constrainted maximization problem. Second-

order conditions require |A] > O with principal minors alternating in sign

fLancaster, 1968] where



‘8“'

—2¢9,

these conditions are obviously satisfied given positive definiteness of the
covariance matrix for (wl, nz) )

To exam1ne behav1or uadar the modern techno10gy, the conditions in {4)
;and (5) can be so!ve& w7th x=0 far ‘the case where the land constra1nt is not
blnd1ﬂg‘ As Tﬁ the case’ of the trad1t10ﬂa1 techna10gy, however, the assump-
- tz&n 1n'thzs paper will ﬁe.tﬁat tand is agbtnd;ngrgonstra1nt. Hence, for the

case of an internal solution in il and L., the inegualities in (4) and (5)

23
become equalities and, together with the land constraints, yield

‘il - Hy + 2¢ L (02 - 012)

fl

-
L3
[H]

(6) Ly = L% 3 "
(7) Ly =13 = I ZTAT oy = o12)
or, in general,
fo. irrco
(8) Ly =T = g1% ffocttcT
T if L > T,
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‘The technology decision for an individual farmer can be ma@grbyrcqmparjng
maximgmiexpéctgd_uti]ity'unﬁerﬁthg,§wa alternatives. Assuming the outcome
with full utilization of land (Ll = E} in (2), substitution into (1) yields

expected utility UI under Sl’

(9) Uy =l ~ goqL”

A}ép, éésémin§ fﬁ?? uti?féaigcn of Tand, sybstifutiﬁﬂ of {8) inte (3),
and, additionally, the amnualized cost of k, adopting the new téchnélogy

yiglds expeciéé ufility, &2,'under'S3;
— o 2 2 —
(10) Uy = ugly *uply = 8 (ogly * oply * 201,0415) - k.

Thus, assuming either that the farmer is myopic (or considers future
periods to be Tike this one} or that annualized fixed costs of adoption are
recurring, the farmer selects technology, Sl‘ if U1 > Uz and technology,

52, when:82'> Ul’

(a) The Role of Land Endowments and Risk Attitudes

To investigate income effects on farmers with different endowments and dif-
ferent attitudes, a first step is to consider the effects of these factors on
rates of adoption. Since, under the presumed putiy-clay production structure
(Fixed proportions for d-given technology but variable proportiens across
technologies), the farmer's decision can be broken into two parts--first,
wnether or not to adopt the new technology and, second, how much land to
devote to the new technique given adoption. Given adoption, the effects of

changes in land endowment on intensity of adoption can be examined using
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equations (6)~(8). Wnile the following three propositions are simply shown

for the model considered here, they hold moreé geénerally in the case where the

modern technology uses a modern input which affects both expected returns and

variabi1%ty of returns.

PROPOSITION 1: For a given subjective distribution of returns per hec-
tare, larger adopting farms tend to devote more Yand to the traditional tech-~
nology than small adopting farms if the new technology is viewed as more risky

than @hegtrgﬁitioaa1itegﬁnalagyf.hLaﬁﬂ%devoiﬁé_tq_tﬁg traditional technology

dectines in absolute terms with farm size (among adopting farms) when the new
technology is less risky and the correlation of jigtds'under the two

technologies is highly positive (012 > 52).

PROOF: Differentiating (&) with respect to L obtains
oL
1 24
L TAT CPRIYY

which is positive if Oy = 019 > 0. But o1 *op - 2012 > 0 by positive
definiteness of the covariance matrix, so oy > 919 must hold when oy > 0p.

The second part of the proposition is proven similarly.

PROPOSITION 2: For a -given subjective distribution of returns per hec-
than smaller adopting farms if the ‘correlation of yields under the ftwo tech-
rnologies is low or negative but (assuming ‘the new technology is viewed as more
risky than the old} tend to devote less land to the new technolegy if yields

are highly correlated.
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PROOF: Differentiating (7) with réspéct to L obtains =

which is positive if o) - °i2 > 0. This result will obtain when SPRE
small or negative. If the new technology is viewed as more risky than the
o?d then 05 > ol, and, as corre?ataﬁn gets high, 6 = 015 becomes

negative so that ﬁLZ;dL < 0

&EMARK 1 ?TﬁPOSitiﬁﬁsAl &ﬁﬁ;éféﬁezééﬁSiStEﬂt é%tﬁﬁﬁntuﬁtieﬁ'siaﬁé-an
inc?éase:ié']and ‘Z teads to greater var%ance of pref1ts 1f 1and 15 fu11y
employed. The accompanying need to reduce variance suggests d1varsxfytﬂg by
using some of each increment of land under each tecgno?egy) ThlS oppartun1ty
is taken away, however, when yields under the two technologies are too highiy

cerrelated, 1a wnlch case the farmer is incTined to lean more heavily ‘toward

,,,,,,,

ional techn01ogy wh?ﬁh Entaz¥s 19wer SubgéﬂtTVé
risk. ?r0p051t}0n 2 thus suggeéts that high correlation of yields under old
and éeﬁ'fécthTOQTEs.may'réb¥é§§a%”3 substantial barrier to adoption. On the.
other hand, if extension efforts are effective in weduciﬁg.sggjaetive.risx,ﬁer
the ﬁé&ftethndiééy; Propositions 1 and 2 suggest ways in which intensity of

adoption by farm size may be alteréd.

Although the above proposxtzons exp?ore the effects ﬁf 1ncreas&d ¥and
endowments on- absolute hectarage under. old and new technalogles, a further
analysis of relative shares serves to supporﬁ much of the recent emp3r1ca1

evidence,
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PROPOSITION 3: For a given subjective distribution of returns per
hectare, the relative share of the traditional techﬁofogy ié increasing in
farm size; the relative share of the new tethﬁology is decreasing in farm size
among those farm sizes which lead to some use of both technologies so long as

the new technology is subjectively more profitable (although more risky).

PROOF : Differentiating directly and using (7)-and (11) obtains

4 M
db . T A\d

(12)

which is negat%ve‘if expéctéd profits per hectare under the new technology
exceed these under the old technology. The remaining assertions related to

l/L f011ow 51nCe the sum of shares is unity.

 REMARK 2 P?@pas1t10n 3 suggasts the very plaus1h¥e and oft- Qbserved

re?atxansh?p wﬁereby %arge farmers tend to adopt new téchaaTcg&es by f1rst

experimenting on relatively smaller shares of their farmland than do sma]l
farmers. This result is in sharpKCOntrastftuhthaﬁ;found by Feder and D'Mara
(1979) under the questionable assumption of const&nt reTatave risk aver-
513&;2 ‘1t should also be noted that the case of Pr0p051t30n 3 1is the anly
plausible case under which both technologies would be used on farms of
adequate size to effett}ve3y spread fixed costs. If the new technology were
both mere pr&fatab1e and 1ess rzsky, then all such farms would adopt; but if
the new techna¥agy w@re both fess p?afitable aftd more risky, no farm would
adopt. Since the case with o 3wy corresponds to seemingly all recog-

nized problems of technology adoption, only those cases will be considered in

the remainder of this paper. Hence, cases with oy < oy are uninteresting
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in that no farm would or should adopt in that case regardless of farm size or

risk {averse} preferences.
Finally, for completeness, note:

PROPOSITION 4: for a given subjective distribution af“rﬂtérn% per hec-
tare, adopting farmers w1th higher risk avers1an w&li tend to.devote more
(1ess) land to the traditional technology both absolutely and relat1ve1ymm
which. implies the révewse is true for 1and devoted ta the modern - tachnology—;(
if expected prafitab1]1ty unéer the the new techﬁaiogy is greater (less) or,

equtyalently, if the'new technology is less (more} risky.
PROOF: Differentiating (6) and (7} with respect to.¢ obtains

dy mp -y dy _m -

| @ " IAr @ - aAr
and
d(Lilf) 1 ok
dg S
- -1, 2.

Proposition 4 follows immediately ap&ﬁ noting frq@_(s) that an internal
solution implies neither technology can be both more profitable and less

risky.

(b) Endogenous Technology

Based on the results of Propositions 1-3, the role of land endowments in the
adoption decision can be investigated graphically. Consider first the graphi-

cal relationship of adoption rate given investment in the new technology.
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Note first that, if the modern technology is adopted and all iTand is devoted

to the new technigue (L2'=-{,LL1 = 0}, then from (10)

- — _.....2
(13) U2 = 82~— uzL - ¢32L - k.

Alternatively, substituting equations (6) and {7) into (10) we have

- ojp) *iplog = o)1 T
(14)

for the case where some of both techniques are used.
To consider Qé and)aé graphically, note that each is gquadratic in L.
Also, note that each has a positive first derivative with respect to L at

L = 0. The latter point is evident upon noting that

dﬁ?
(15) — = Hy o e

where wy + wy = 1 with wy = (ﬂ;l - 012)/(61 + a9 - Zoig’- From (15),

it is further apparent that

since My > Hy- Also, note that the intercept on the L = 0 axis is -k for

UZ and is greater than -k for EZ' Finally, note that'bofh'ﬁ? and ﬁ?
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possess negatiyq_seceﬁd def?gativéswwith respect te:f with‘azuzldfz <

dzﬁzlézz. Tnis may be shown by firé%”ﬂg§ing’tnat

2...

20 | . 2
e N U Sl el i U BN o Bl 1)
d:..? o ¥ ,?” oy Tt oy * 6y - 204,

and then representrngltha d;fference as a factor of (c - 512) From
»thase»ﬁbseﬁvattons,fﬂé and Ug c?early*fol}mw 1nvertaﬁ ﬁ~shapes such as
deg%cted in F}gar& 1(&)

Now consider comparison of 32 and Uz 1o determine where some’ oF the
traditional technology will continue to be used in the event of adopt10n.
Obviously, from (6) and (7), L% < 0 and LY > 0 when L » 0, since the new
technology is more profitable in a mean sense. Hencé, it is clear from (8)

that, as the land endowment expands from zero, given adoption of the new

technology, iﬁitiéT?&f{z = L andﬂzi“z 0. In other words, with L near

zero, the UZ curve is unattainable since it correquﬁds to negative Ll.

Thus, given adoption; all land is allocated to the uéw technology. Only at
some larger land endowment does some -1and begin tplée allocated to tﬁe tradi-
tional feahno?&gy. This point occurs whare‘i§5=i6 gipce, from (8),2!?l >0

if L1 > 0 but ti = 0 if L? < 0. Thus, a critical fgrm'size, L*, at thch
land begins to be allocated to both the modern and éraditidﬁa] techa?legies,
given investment in the modern technology, can be déter&%néﬂ‘ﬁ}’soTv%ng

Lﬁ = 0 using {6),

My
B 2‘5 (02 - 512} :

(16) L*




Relevant portion of Gz

/ 4 F%levonf rﬂonaffla o

il

(b)

Figure |

Determination of Acoption Rate Given Adoption

16,
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By substitution of (16) into (13) and (14), one may further verify that
U, = 4,
as depicted in Figure 1(a).

and that dlU,/dl = di,/dL at L*. H;—*:n,ce, fﬁz_apd U, are tangent at T*

From the abave arguments, it is clear that the re]evant part1on of the
U2 curve; ngen adopt1an corresponds to O: < T < 1*. To the right af
L* ﬂz demiﬂafes 02 ;ﬁ& 15 attainable (except and unless at some: 1arger
land endowment 02 carrespenés ta L2 < 0}. - Thus, to determzne the aéopt%an
rate, cangider Flgure ltb) Left»ef L*, a11 land is allocated to the modern,_
tECﬁneIogy 50° Lz as. a functzan of L fgl?cws the 45-degree line. ’Aﬁ E?, some .
land begzns to be a120cated to 4y as Uz hecemes relevant. The r&)at1nn—
ship of L2 with respect to L then follows equa%TQn (7) which is mbvzausly
linear in L. Thus, L2 follows the shape indicated in Figure 1(b) for the
case where o1 > 619, i.e., for the case w%thdezj&f > 0. F011ow§ng this
same approach, one can also consider the case with oy < oyp- If 6y <
oyg» thaa the Itnear segment to the right of L* in Figure 1(h) has negative
slope so that L2 falls to zero at some ]arger 7and endowment.

To generalize the relationships in Figure 1 for the case of endogenous
adoptiéh*deaisiqns, the graphical relationships need simply be %bmpared with
that of Uy in equation (é). Of course, U; is obviously also ﬁuédratﬁc in
T with an inverted G»shape'bat runs through the origin {with poéi%ive slope)
as indicated in Figure 2. Two éi;ernativés are of imnediate imgartaﬁce:

(a) the case where Uy intersecﬁsfa  (fremfabove) to the left of5Z¥"(Figure Za)
and {b)} the case whére U1 1ntersects U {from above} to the r1ght of L*
(Figure 2b). (Cases where U} lies entirely above the relevant portions ofﬁ

UZ and 52 are not interesting since no farm size would Yead to adoption.)

The intersection point in case (a) is obtained by equating Ul and gé and

solving [} the solution is given by




/ .
e
_ 7/ V
7
V//\450 b
L L L
Figure 2a Figure 2b
t Adoption with Low Fixed Cost Adoption with High Fixed Cost

and Low Covariance and Low Covoriance

18.
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112 - Hl ‘"‘ (!12 - ﬁl) - 4¢k (02 - Ul)

02 - 01)

{Note that the other root corresponds eitheér to an intersection where U1
intersects’ﬁé from below or to an intersection at same'f < 0 which occurs
when al $- az ) Yhe ‘intersection po1nt in case (b) is ehtaaned by eqaatzng

Ul and Uz and sa?vxng far L “the so]ut1on is g!VEn by3

(18) i gt VK Toy ¥ o, - 2“1é7
4 7o (o] - o75)

Note that dzu /&' < dZU jdL so, if U cuts UZ from above as in case (b),
then there is no other 1ntersect1an of the two to the right of L ; the
second intersection is to the left nf L and corresponds e1ther toL <0 or
to the 1rrelevant partiaﬁ of U2 ' Furthggﬁare, direct differentiation of {9}

and (14) and subst1tut1on of (7) implies

dﬁz du, :
= == 26L% (0 - 045)

so when U} cuts U2 fram above (where Lf > 0}, o] > 913 must hold. In
other words, “1 < opp can rold on]y when L= < T* (F}gure 2a) and not-in

the case of Frgure Zb.

To consider the remaining relevant case with oy < 015, note that al*f

dl < 0 from equation (7) which, with linearity, implies that‘Z2 goes to zero
for sufficiently large L; hence, some land endowment 1 with 1 > L* must exist

- such that no larger land endowment leads fo adoption. This case is depicted
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in Figure 2c. This second critical land endowment can be found by equating

Uy and 52 and solving for L,

].lz - 'ﬁll V4¢k (E’l + 0’2 - 2012)
2 (o5 - o1)

i

(19) L

The other roat carresponds to the second intersection where UI cuts 32 from.
above, th]S 1nterse¢t1on 15 irreievant s1nce it cerresyands to negatlve L2
a§>caﬁ be verified by subs%mtutiﬁn into equation (7).

These results thus prove the following propositions.

PROPOSITION 5: The indirect expected utility function as a function of

tand endowment is piecewise quadratic with either 2, 3, or 4 connected
segments: (i} if U7 >‘E4 then expected utility follows U} for O <‘Z'< tt

and ﬁ for L > L ,‘(11) If 0y < 939, then expected utility fe}}aws Ul for

""“"" o T

2 for L < L < L* UE fer L < I' L, and UI for L > L' and

(ii1) if al > °12 and [ L* then expected ut1}1ty Follows Ul fer 0<L<

0< Z’ L U

—

L , U2 for L' i_L 5_L*, and U 2 for L > L*,

PROPOSITION 6: The quantity of land devoted to the modern technology as a
function of Tand endowment is piecewise linear and discontinuous with 2, 3, or

4 segments: (i) if s E* then L2 =0 for.z < L+ and L2 = a + bl for
P & —f

L>L: (11) if 01 < 312, then L2 =0forL <L, L2 =L fnr L <Ll< L*
by =a* bL for L* < L < L and Lz =0 for L > L and (111) if o > gy, and
" <l*, then L, =0 for 0 < L <L, L, =L for L' <L <L¥, and L, =

a+ bl for L > L*. In each case

M2 T M1 1 T °12

. (20) 2T TTAT RN D




Figure 2¢

Adoption with High Covariance
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To develop further results with respect to the distribution of risk

useful. These resu?ts can be confxrmed by swmﬁ?e differentiation of equatfons
{16), (17), (18), (19}, and (20}. On this bas?sgpsome rather pecu¥1ar results

are obtained depending on the distribution of farm'sizes among farms.

PROPOSITION 7: Farmers with greater risk aversion do' not necessarily
_adopt the modern technology a? g,ﬁawer rate even though 1tafsfyiewed as more

riskyb~eé%eris paribus. In a%sé {i)<o? Propasitiaﬁs's andiﬁ édopting>farms

’ wzth h}Qher r1sk aversion. adopt at a lower rate; but if f1xed costs cf adop«
*ttan are h@gh farmers with greater risk:aversion and smaller farm s1zes may
adopt when less risk-averse farmers would not. In cases (ii) and (iii),
adOpting farms with higher risk aversion adopt at a Tower rate; but- if fixed
costs are low, farmers with greater risk aversion and smaller farm sizes may
adopt when others would not.

PROOF : Comiparing two lewé3s of risk ayﬁrsieﬁ,“ég and él’ on.a given

~

R - M
farm size (¢1 > ¢0), let L;, Li,

in (16). through (19) wiﬁh-riﬁkwaversion parameter,:¢i. Then using Tﬁble 1,

-+ -
Li’ and Li represent the critical levels

case (i) implies Tower rates of adoption fof.farm:sizes‘f,{ig,r») under ¢1
than under ¢D, but adopltion occurs for-z'(iz,"ig)'under dl if k is high,
whereas it does not under ¢,. Case (ii1) implies Yower rates of adeption
under él for’E'(i*, io), but'farm sizes with L fE+ ‘f¥)‘adopt uﬂﬁar

¢1, whereas they do not under ¢0 if k is low. In’ case (111), aéoptron
rates are lower under él for L (Ef ®); but farms wwth L (Ll, T ) adopt

under ¢1, whereas they do not adopt under ¢0 if k¥ is low.
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TABLE 1.
COMPARATIVE STATIC RESULTS FOR SWITCH POINTS
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REMARK 3: Propositions 6 and 7 imp?x that the distribution of resource
endowments and behavioral attitudes a@g&g:fat@ers is essential in determining
aggregate as well as distributional impacts associated with the introduction
of riew technology. For example, consider two distributions where all farmers
have the same risk aversion with land siz;s concentrated at«l* in the first
case but with maﬂy’belcwﬁi* (andiaboveli) in the second case. Then in cases
(i1) or (ii1) effPreﬁmsiﬁion'E; aggregate ‘adoption will be much higher with
the f%rst,dfs%r?ﬁutién”thaﬁ?w§$h'ﬁﬁa §econd,éépénd?ng on the level of fixed
costs. A?térhﬁtive?y, cﬁﬁ%ider two situations with thé'saée=margina}_distriw
b&tiéns,cf;{afﬁ sizé and risk aversion., ;But stippose in thehfirst, farms with -
sizes near L have high risk aversion reiaiive to the second case. Then
aggregate adoption could be much greater in the first situation if either case
(i1} or (111} of Propesition (6} applies. These results thus imply that,

because of discontinuities in adoption behavior at points L+, L*,"L+, or‘i,
distributional considerations are absolutely necessary in studying even

aggregate behavior.
T11. DISTRIBUTIONAL CONSEQUENCES OF NEW TECHNOLOGY

In addition to allowing adequate study of aggregate behavior, the framework of
this paper is useful for studying the distributional consequences of new tech-
nology. As suggested in the introduction, some concern has been expressed in
the literature that new technology may be undesirable regardless of aggregate
effects if income distribution is adversely affected. In the context of this
paper, the appropriate concept of income is expected utility rather than
simply profit or expected profit since changes in the measure of expected

utility used above reflect compensating {equivalent) variation, i.e., of
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wi?iiﬁénesé to pay or recef;é in lieu of the)éhangeéi That s, risk is an
econom}c bad in the context cf risk aversaan, and thdse who bear higher risk
are worse off in terms of "reaT" income. ' ,
The dastrabutxona1 effects af new techno!agy can be examined under a
varzety of assum@t1ens deaend1ng on the size of the assoc1ated sector, i. e.,
the extent to which adoptron affects the pr1ces of inputs and outputs. For

the case where prices are unaffected, one finds

PRQPOSﬁT%GN 8: If demands for products and supp11es of inputs areK
perfect?y eiastic, theﬁ 1ncomes for small farme?s with farm sazes be?ew L -
in cases {11} and (321) or belew L in case (1) are unaffected ahge1ute1y, |
while incomes for 1arger farmcrs increase w1th the introduction of new tech-
nology except for farm sizes above L in case {ii) which are also unaffected.
Thus; inédmé distributicn tends t; widen in cases (i) and (iii}, and small
farmers become relatively worse off in any case. Large farmers may also be

relatively worse off in tnélhégh covariance case {(ii).

PROOF: Immediate upon comparing the cross-hatched utility curve wéthvﬁi

in Figures 2a, 2b, and 2c.

T&rnéngitn the more interesting cases where price impacts of adoption are
realized, suppose the new technology is, say, a high-yielding variety and,
thus, following a usual Green Revolution scenario, is labor using. In this
case, allocation of more land to the new technology causes greater labor use
(recall tnat fixed proportions production is assumed); hence, the greater
demand for labor causes wage rates to increase. Since the new technology uses
more labor per hectare, this will cause Mo to fall by more than ¥y st that

o = Wy falls. Thus, one finds
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PRGPGSITIQN g: If new techno}agy is labar as1ng and thus dri?es wage
rates up, then sma?? nonadogt1ng farmers are wnrse off both re]atavely and
absolute}y The sma]?er adogtlng farmers can aiso be worse off both fela- (
tively and abso1ute3y. Larger farmers may be e1ther better off or worse off
depend}ng on the extenf of wage rate adaustments except in the h1gh ccvariance

case where the 3argest farmers are worse off 1n both senses wtthout qaastion

PROOF: To conserve space, only ‘a heuristft pre@fvwi139be given. First;
“3note that 3n a}1 three cases {F%gures Za, 2b and 2(:),7”1 aﬁd U sh1ft

'dawn by F d:fference whzcﬁm1s 11near and 1ﬁcreas1ng 1nVL (due te fxxed
’propart1ans produatten) but greater in the case af 82 )Alga, ﬁz shifts

down similarly to ma1ntaln tangency wlth U2 ( where ex énte crat1ca1 points
(before the wage 1ncrease) are represented by "0“ subscr1pts and ex psst
cr1t1ca3 p01ﬂts were represented by "1°* subscrapts, it is c]ear from Table 1
that L* < L*, L1 » LG’ Ll > LO, and L1 > i Hence, farmers are clearly
worse aff 1f t< L in cases (71) and (114), L < L in case (i), and >

LO in case (ii). Farms of other sizes may be better off; but if wage
ngaﬁts are sufficiently great, then the ex post relevant portion af'ﬂé and
EZ ﬁay 1ie below the ex ante Ul‘ However, farmers would.not return to the
o1ditechnq}09y*bgcau§e the ex_post ?1 may be even‘1ess than the ex post

relevant portions of 5% and ézﬁ

‘REMARK 4: Proposition 9 suggests that, under certain conditions, new
technology may indeed have an adverse impact on income distribution;
furthermore, aggregate farm income, as well as income for every individual
farmer, can even decline, This disturbing result is due partly to the

phenomena of unfulfilled expectations and partly to competition. With
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unfu1f1lled expectat1ens farmérs can realxze 3ess income than they expect

cases {(ii) and (111), with L (LD Ll) in case- (1), or with L (ﬁl, LQ) in
case (i1) may actually adept and find Eater that they wﬁu?d have been better

off in an ex post sense if they had not adopted. Fer other adopt1ng farm

below his. max1mum attainable ex aate ut113ty, &nd exceat in the above 1nterva1s,
the relevant portions of Uz and U2 would dominate Ul 1nd1€at1ng adopt¥on also

at ex post prices. If all farmers have perfect foresight, then it is not
p0351b1é for a11 farmers fo be worse off; but if only some farmers are better
off in an ex post sense'with;adopticn; their actions will influence wage rates
mak ing ﬁénéd@pters worse off. It 15 “clear frcm the d1r&ct1aﬁai mcvement of
cr3t1cal p01nts, however, that greater adjustment of wage rates (move in-

e}ast1c ¥abor supp}y) with fulfilled expectations -(foresight) Yeads to less -
adoptwon than 1mperfect fore57gnt {or prior t& attainment of Fulfilled

expectat1ans eQuaiwbrwum) 1n cases (i) and (iii) and a contraction of the set

of adoptang farms in every case regardless of farm size distribution.

PROPOSITION 10: Suppose input prices are anaffected but product demand iéa

not perfectly elastic.

a. If the new technique produces essentially the same crep as the
traditional technique so that increased production deprésses both
prices, then small nonadopting farms are worse off both relatively
and absotutely than without introduction of the new technology.

If covariance is high, then some large farms may also be worse off
in botn senses.



28.

b. If, on:the other hand, the new technigue produces an essentiatlly
difféf&ﬂt crop than the traditional techrnique {with Zero or
_negative cross-price elastxczty of demand), then increased
adoption depresses price of the modern ¢rop; but as Tand is

shifted away from the traditional crop, the price of the tradi-

tional crop increases. Hence, nonadopting farmers {small or
large) are better off in an absolute serse.
PROOF ¢ Frem Propes1t1on 5, small farms with L < L* 4n cases {i1) and
(i) or L < e in case (1) “and large farms with L'> [ in case (ii)--with

1nequa}1t1es haldwng fer both ex ante and ex past critical points—~have -

expecteé utz?aty fa¥1ow1ng 1ntreduction of the new techﬂﬁlogy as specified by
the ex ost ﬁl ﬁ@wever, if pl f&¥¥s (for every state of the environ=

are better off in an abso?ute sense.

-REMA?&&S: Proposition 10 suggests that some types of new technologies may
be more -desirable fhan others not so much because of increased profit expec-
tations but because of econemic rglati&nships:qf new productg’with existing
ones. In point of fact, Green Revolution technologies aﬁéqciated with ﬁigh—
yielding varieties of existing crops would seem, on the basis of Prapositfon
10, to lead to more adverse effects on. income distribution thgﬁ if simi}arly
profitable alternative crops could have been developed. Qn]yhin this case
could extensive adoption of theMnew&tethnﬁlmgy,(ex;ens%veienough to cause
product pr1ce adgustmant) avo1d adverse impacts on even absolute incomes of

small farmers.

Propositions 9@ and 10 are develioped here merely to give a flavor of the
type of distributional consequences tﬁat can be examined in the frameswork of
this paper. Lack of space prevents analysis of a host of other issues and

cases. If is clear, however, that Proposition 9 can be reformulated for the
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case of an input-saving new technology, i.e., a laborsaving capital innova-
tion, or the case where a new technology uses other inputs than employed by
the traditional technology. In these cases, traditional input prices would
fall and nonadopters would be absolutely better of f as in the case of indepen-
dent products in Proposition 10. This suggesis that technologies should be
sought which intensively use inputs available in elastic supply or which use
different inputs or use labor in different seasons than the traditional tech-
nology. Proposition 10 can also be generalized along the lines of Prgﬂositioﬁ
9.and. Remark 4 to consider conseguences of fulfilled versus_unfu1fil]éd ex—
pectations. In each case, myopic {unfulfilled) expectations can cégéé a small
group of farm sizes to be worse off wfth adoption than nonadoption. Over
time, such farmers would eventually return to the old technology or learn by
doing to the point of being better off under the new technology. Other issues
which could be usefully investigated are the effects of subsidies on adoption,
extension activities, and adoption over time that might take place with

learning.
IV. CONCLUSTONS

The results in this paper show that the distribution of resource endowments
and behaviorial parameters among farmers is crucial and necessary in de-

termining both the aggregate and distributional impacts of introducing new

technology. While the framework has been kept quite simple for the purpose of

demonstrating these results, exiensions {e.q., consideration of credit

constraints) are possible along the same lines.
Furthermore, empirical implementation of the framework is feasible. The
rate of adoption relationships in Figures Z2a, 2b, and Z2¢ are piecewise linear

. with well-specified "knots" between linear segments. Thus, spline function
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regression methods should provide a useful approach to estimation. Aggrega-
tion can then be carried out by intégration with respect to a distribution of
resource eh&d@ments:aﬁdybtﬁeéléaraméters améng farmers. Such a distribution
can be either estimated or obseived depending on data availability. For
exa&p1e, sUpp6§e F(fi denbtes:ﬁhe d%Str%bﬁtioh of Tand endowments among
respense functxon depicfed in F}gures‘Za, 2b; or 2c. Then the aggregate
aﬁopt1on of the new teChnoTagy in terms of land area is given by
HFLQ(L)dF(L) where Nois the number-af farms.’ Nheve U(L) is the associ-
ated ptecewise quadratwc expected ut111ty Functlan, the income distribution is
91V8ﬂ'ﬁy Fuw)) where U1 §5 the inverde functich which satisfies -
U"I(UO) “‘EO when U
ﬁne‘of the most important characté%istics of most all technology problems
has to do with asset fixity and fixed costs attached to change. Asset fixity
and high fixed costs of adoption, wﬁéther pecuniary or not, cause significant
" discontinuities in behavioral response. Only by considering the distribution
of individual decision-makers around those discontinuities can either
aggregate or distributional consequences of new technology be investigated in

terms of an operational model.




3.
NOTES

1. van Der Veen afiributeé)fﬁé inﬁe¥§e refétidnship %d?(aj 1and on small
farms was utilized more intensively to meet subsistence needs, (b)
generai]y, smalTer farms have better irrigation facilities, and (c) more
lawmﬁbﬁt fam11y farm'laber per un}t Gf land is available on small Farms.

It should be nated that van Der Veen did not conéuct a ferma} empirica)l
analysis to &uppart or deny the 1mpartaﬂce of %hese~pateat}al emplanatony
factors. . - B A

2;7Moreover the emp1r1ca1 results af Schluter (1971) Sharma (19?3), and van
Der Veen (19?5) verzfy that 1arger far@ers devote smaller shares of their
land to the newer techno]ogy.

3. For the sake af brev1ty, the peca11ar cases where al - qé or ¢y =

oy5s which suggest modifications of equations {17) and (18), will not be

considered.
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