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Abstract

The paper aims at modelling adoption and diffusi@cisions of farmers towards genetically
modified crops under a real option framework. Mod&M crops help farmers to resolve two

main sources of uncertainty: output uncertainty ammlit uncertainty. Those crops represent a
revolutionary form of farming compared to the teglogy adoption studied in the literature in the

late ‘70s-early ‘80s. The paper develops a themakthodel of adoption and diffusion of new GM

crops under uncertainty and irreversibility. Wet tegr theoretical predictions using data from
2000 to 2008 of a panel dataset constructed fatdtgs of USA involved into the production of 4

different GM crop. These conclusions may appeacdntradict the general perception of a
delayed penetration for the GM crops, whose sucsEsss to be retarded by lack of information,
mistrust and an exaggerated perception of risks.dBs tend to be invasive, in that their short
term profitability is so high as compared with tilwestment needed, that once the hump of
uncertainty is overcome, they operate a verita#tedver of agriculture
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GM crop adoption has experienced unprecedented afatgrowth over the past ten years.
Worldwide, in 2008 there were 125 million of heewwof land under GM crop, with nearly 25
countries adopting this new kind of technology (8an2008). The early adopters, namely the top
8 countries, growing more than 1millions of hecsapé land are: USA, Argentina, Brazil, India,
Canada, China, Paraguay, and South Africa. Allttuerethey represent 98% of the 125 millions
of hectares of land under GMO, out of which, 57%osated in North America, 32% in Latin
America, 6% in India, 3% and 1.5% in China and 8d\rica respectively. GM maize has been
the major crop adopted by most of the countrieacé&itheir introduction in 1996, GM crops
exhibit a peculiar form of new technology, whichultbrun counter the cases examined in earlier
literature that has analyzed the adoption probiEme. distinction between adoption and diffusion
has emerged as a consequence of the problem sétjuential nature of farmers’ decision. In the
traditional approach, because the innovative tedgyowas divisible (improved seed, fertilizer
and herbicides), a farmer had to decide first howcimland to cultivate under the new
technology, and then decide the amount of ferttiznd pesticides to use. Farm level adoption
was expressed as the degree of utilization of agrew such as hybrid maize, and diffusion (or
aggregate adoption) refers to extent of utilizatddra technology (Rogers, 1962 and 1983; Just
and Zilberman, 1983; Feder et al., 1985, Marra@adson, 1990).

The dichotomy between adoption and diffusion camx@ained by two main reasons. Whether
the farmers’ decisions are sequential or simultasethe empirical evidence has indicated that a
time gap existed between adoption and diffusion.atfthe early stage of their introduction,
factors such as social, cultural, economic, tediraad environmental (Jamison and Lau, 1982)
explain low levels of adoption, it has also beersesbed that differences in access to and
diffusion of information may be important determite of adoption decisions (Longo, 1990;
AKlilu, 1974; Ayana, 1985; Feder et al.1982). Sbaietworks are also of fundamental
importance in order to understand different degragfeadoption. In rural economies, farmers

within a group tend to share information and leaew agriculture practices from each other



(Foster and Rosenzweig, 1995; Conley and Udry, R0le degree of adoption depends on the
presence of “opinion leaders” in a community, whapear to be more exposed to sources of
information, such as mass media or change agets éxtension workers), with higher degree
of education, and having more income and wealtta{@han, 1987; Rogers, 1995, p. 92; Valente,
1996; Weimann, 1994). Diffusion depends on whetret how communication among farmers
within the community occurs and, in particular, whether there is homophily or heteropholy,
namely whether individuals communicate more easily those who are similar or different,
respectively, from them. The empirical evidenceaansbiguous, with some pointing towards a
major flow of information from higher status rugabups to lower strata (Roling, Ascroft and Wa
Chege, 1976; Van de Fliert, 1993), while for othéns results are not straightforward (Feder and
Savastano, 2006).

The duality adoption/diffusion that has characestizhe literature on new technology adoption
during the 80es and 90es seems to be confoundaddeating with GM adoption. When farmers
or countries have decided to adopt, they adoptdiffitse at an exponential rate. In this respect,
the measure of diffusion in terms of the S-shapetfon is invalid. The statement that if large
farmers adopt first, diffusion over a resource wdtur more quickly; if small farmers adopt first,
diffusion over the resource will occur more slowils to be endorsed by observations.

In this paper we look at the process of diffusiéiGM crops, by focusing on two unconventional
characteristics of the new varieties: their extrigrheggh short run comparative advantage and the
irreversibility of their adoption in the face of mmic uncertainty both on the market for
agricultural commodities on their long term susbitity. By looking both at theoretical
arguments and empirical evidence, we claim thatabse of these two characteristics, GM crops
diffusion can be best explained in a real optiamfework, as a succession of reluctances and
eager waves of adoption.

The paper is organized as follow: section 1 sunmearthe literature on the adoption diffusion

duality, section 2 depicts the theoretical modelagption and diffusion decisions under



uncertainty and irreversibility. Section 3 derivi® conceptual framework underpinning the
empirical work in the paper. This is followed byetldescription of the data source and the

empirical results. The last section provides casioluis and policy implications.

1. Adoption and Diffusion

The decision to adopt a new technology has beeerlwidbcumented in the literature. From a
general point of view, a decision maker will invest. new technology if this helps reducing the
causes of uncertainty he has to face, and wheaxected marginal benefits are larger than the
costs he has to sustain. In this respect, modernc@s help farmers to resolve two main
sources of uncertainty: output uncertainty and injmcertainty. By delivering the promise to
increase the yield and reduce the amount of pdesaiised, those crops represent a revolutionary
form of farming compared to the technology adopstudied in the literature in the late ‘70s-
early ‘80s. In those years most studies focusedhenbenefits of introducing new technology
such as hybrid maize into farming, where the maiastjon was whether the higher fertilizer and
pesticide requirement of the new crop was suffityenifset by higher yields.

Since the pioneering works of Dillon (1971), andd&rson, Dillon and Hardaker (1977) a
substantial body of the literature has tried tonfalize and rationalize the decision-making
process of farmers who face imperfect knowledgeefwthere is uncertainty) and when the
outcomes of those decisions are uncertain (thathes,farmers faces risk). Despite the large
number of studies on risk, uncertainty, and leayminthe adoption of new technologies, there are
two commonly observed theoretical and empiricalulagties or “stylized facts” of new
technology adoption: risk preferences would lea#t everse farmers to postpone the adoption
decision, and the succession of early and late tadopwould result in the S-shaped
adoption/diffusion curve.

On the one hand, the adoption of a new technolegyhle conceived as resulting from a fine

balancing act between its profitability and thenfar’'s attitude towards the risk associated to it.



An impressive empirical evidence, among the eatfydture of new technology adoption, has
shown that farmers in developing countries are dskrse, and tend therefore to delay the
decision to adopt a new technology (Moscardi andatery, 1977; Dillon and Scandizzo, 1978;
Binswanger, 1980, Antle, 1987). According to theaies, even a small uncertainty related to
the increase in pesticides costs as well as theehigrices of the seeds, could make small and risk
adverse farmers delaying the decision to adoptaanep variety.

Farm size, and land endowment, is another impodiaetsifying factor affecting the decision to
adopt a new technology. In the empirical studiegpsitive relation between adoption and farm
size is often found when food security is not adig constraint, or when there are fixed
transaction and information acquisition costs assed with the new technologies, therefore
preventing smaller farms to engage in innovatiarst(&t al., 1980; Feder and O'Mara, 1981,
cited in Feder et al., 1985). Earlier studies (fepeter 1942; Cochrane 1958; Reimund, Martin
and Moore, 1981) and later ones (Cohen and Kle986) have embraced the S-shape theory of
the adoption/diffusion curve. Other studies, howeVmve pointed out to a negative relation
between farm size and technology adoption, mostig tb farmers’ risk aversion and their
tendency to follow a technological ladder in adoptiSome studies claim that farmers follow a
step-wise approach (first improved seed, and tleetiliers), (Byerlee and Hesse de Polanco,
1986; Norman et al, 1995; Kaliba and Feathersthf@7; Kaliba et al., 2000), and that such an
approach tends to delay technology adoption.

More than 50 years have elapsed since the firstrempnts and field trials of the hybrid maize
(Shull 1909 - “inbred-hybrid maize”, Jones 1916 double-cross hybrid”) took to the
replacement of the overall area planted under ORAzen“Open-pollinated variety” in late
sixties. In particular, 30 years have elapsed fril/a emergence of the first hybrid seed
companies (late twenties) to the development ofréda¢ hybrid seed industry. By 1960 hybrid

maize completely replaced the area under OPV npaizduction in USA.



Although maize did not experience the so-calleggnevolution of rice and wheat, dating from
1960 onward, improved crop varieties, such as Hylbmaize, rice and wheat, started to be
introduced in developing countries. The degreedafpfion and dissemination of these modern
technologies varied across and within countriesh wlifferences due to size of the farm, risk
attitudes, cash liquidity in order to buy fertilizegeographical locations and so on.

In the USA, less than 15 years have elapsed sheéirst development of genetically modified
Roundup Readgoybeans became commercially available, followedRbundup Readgorn in
1998. By 2008, GM corn accounted for 85% of the33hillion hectare in the USA (James, 2008
— ISAAA), with roughly 78% constituted by hybridsthv either double or triple stacked traits —
and only 22% by hybrids with a single trait.

The speed of the adoption rate, as well as dissgiom has been multiplied by 3. It took only
few years to bring GM crops to their complete matigtage that is to the stage where GM crops
are completely commercial, and are the predomiteshinology available to farmers.

Three main types of GM crops are today availalist, fsecond and third generations. The major
commercial GM crops are the first generation ofdd®se crops possess enhanced input traits
modified for herbicide tolerance and insect resista(James, 2003). Since their commercial
introduction in 1996, they delivered the doublerpise of increasing agriculture yields and
reducing farmers’ operating costs, thereby fightigginst the two main sources of uncertainty of
agriculture operation. They thus appear to berfafimers by lowering production costs,
improving crop yields, and reducing the level obtiEdes required for the control of insects,
diseases, and weeds. Although their buoyancy infitse years of cultivation seems to be
followed by a less spectacular performance in #lterlyears, once adoption starts, the process of
diffusion seems to proceed with an impetus unmalchg any previous experience with
improved crop varieties. In particular, after aitiah period of resistance, which seems to be

based on uncertainty and risk aversion, their giff is not limited to replacement of previous



crops of the same type, but it has the charadte$ta true takeover, using all potential land,
including pastures and forests, that can be coedéd their cultivation.

2. A theoretical model for therate of adoption and diffusion

Assume that the GM technology, as a new source ae#lttv for farmers, is exogenous and

stochastic. Specifically, because of demand vilgténd the experimental nature of the crop, the

opportunity to earn incom&) from biotechnology innovation is assumed to be rdom

variable following a diffusive stochastic proce$she Brownian motion variety:
dQ=aQdt+0Qdz (1)

dz being a random variable with mean zero and vagi@guialdt. The units of measure @

are in terms of yield equivalents (e.g. tons ofjpie per ha of land), and the parameteasdc?
represent respectively the drift or trend in incoamel the variance. Individuals (depicted by the

subscripti) obtain incomey; assumed for simplicity to be proportional to prifemultiplied by

yield Q the area under GM cropé:

y, = PNQ (2)
The individual obtains a shaw of GM area (i.e.N, =w N ) and therefore can obtain AQ of

innovative activity, where Q is the yield earned prit of activity of theith farm. Because of the

fact that traditional technology may entail differdevels of inputs depending on technological
know how and risk aversion, individuals are heteragpus in their ability to obtain an incorme

from the traditional crops, but not for the GM crop

x =PuG y; = PQON (3

whereV; is the yield of the traditional crop arfd = wG is the area of traditional crops aiNj

the area of GM crop of thi¢h farm. Both yields are assumed to be indepenafetite farm size



of operation. In each period, the farmer can sebuy land services§ at the pricep, and this

may include purchasing or selling land to othemfars as well as developing new farm land from

alternative previous uses, such as forests andirgastThe price of landd thus summarizes

average costs to bring additional land into farwdpiction, including investment and opportunity

costs from alternative uses according with a lamgply function of a given elasticity. The land
G N.
farmed by each farmer respects the constr&nt wG +wWN , whereq = E‘ andw = WI :

Theith farmer faces the dual problem to determine ithe &f his farm and to distribute his farm
land between the two technologies by trying to mmazé his extended net present value (ENPV)

according with the expression:
maxENPY = <[(P-cv(§ - wN) + (P~ KWNQ- pSI +wNI -BQ* ()

In (4), d=p—-a, while | represents the investment that is necessary tertahke in order to

adopt the new technolog_\BIQﬁl is the waiting option corresponding to the invesihie the new

technology according to the value matching conditio

BQ" =§[<P—c)vi<a —~wN) + (P - K)WNQ- pS] - wNI (5)

Maximizing with respect to farm size brings thenfier to seek the equality between the net
marginal product of land and land price. Thushia initial situation, with no GM adoption, the
expected net present value (NPV) of the traditidt@ehnology can be expected to be greater than
the opportunity cost of land, the difference refleg rents from the fixity of land and other
transaction costs.

From the point of view of the GM crop, however, faee a completely different situation for two
major reasons. First, adoption requires an irréiersnvestment, both because of irrecoverable
costs and because the new varieties tend to spraaehard in ways that cannot be reversed

(Beckman et al.,, 2006). Second, crop profitabilgyuncertain because of lack of sufficient



information on performance and risks (yields folloav stochastic process). Maximizing
expression (4) with respect to the farmer’'s shérie® GM crop, therefore, under the stochastic
constraint in (5), we find that the choice of tmeaaunder the GM crop that would maximize the

extended net present value is:

. BI(P-c) -~ plS
" NBI(P-o +10]- NI(B ~D(P-K)Q]

(6)

This choice corresponds to what can be definedadsption”, i.e. the level of technological

development at which thigh farmer will decide to enter the new technolo§uch a level will
depend on his exposure and information to it, aamd fwe quantified by his shawg of the total

GM area. As already noted, before the process optazh starts, net margins per ha of the
traditional technology can be expected to exceedpportunity cost of land (i.e. either the cost
of developing new land or of renting it). This medhat the numerator in (6) will be positive. At
the same time, the net present value (NPV) of &sh dlow per ha expected from the traditional
crops may be expected to exceed the NPV per halWbfcdps since this includes investment
costs and expected yield from the stochastic psosestill low and more uncertain. Here the drift
of the stochastic process ruling the GM yield ipopates both the tendency of yield to grow with
more experience in cultivation (at least from thstf buoyant years that characterize most GM
crops) and consolidation of (not necessarily foahd&armers’ expectations of higher and
growing yields for the future. After a period ofut@us experimentation, however, once the level
of Q is reached for which adoption becomes conwvinfee. expected NPV from the new
technology exceeds the NPV for the old one evesr aftjusting for uncertainty and investment
costs), the price of land p will be driven abovergivaal productivity per ha of the traditional
crops. Both the numerator and the denominator ofv{lb thus see their signs reversed and the
substitution of the new for the old technology vi#come total when the following equality is

reached:



%(DM):(P—k)Q (6a)

At this point, all farms will also have totally goted the new technology. Because GM vyield
continues to grow, however, expression (6a) dermtesvable bound, as the price of land will
be continuing increase under the push of the nehntdogy. Thus, the process of diffusion will
not be complete until all available land has beewd into the new technology and the price of
land has risen to the point where no increase jreeted GM yields will be capable to bring new
land into culture.

To summarize: with zero adoption rate, the numerat@6) will be greater or equal to zero (the
net margins per ha of the traditional technologgatgr than the cost of land services). When the
threshold of profitability of the new technologylMbe reached, however, the price of land will
start being driven up by growing GM expected yieddsl soon the price of land will exceed the
marginal product of the traditional crops. Landlveié progressively shifted toward GM crops,
but it will soon become a race between the acdatgrarice of land services and the increase in
GM vyields. The adoption process will be slowed ddwnuncertainty and accelerated by GM
yield increases. While land prices are sufficiefdky, however, the two technologies may coexist
and in this case, the GM share will be higher tighdr is GM yield Q and related net margins
P -k, the lower the cost of land services (and othed laugmenting inputs), and the lower the

profitability of the traditional technology. In ith intermediate stage, as can be seen by

differentiating w.r.t. tq3,, the optimal sharen increases with the value of this paramesard

thus decreases with uncertainty (sifites negatively related to the variance of the stetiba

process).

dwy

! The derivative equals to—- = [( P- C)\/I - p]S and is greater than zero if the traditional cgriown on théth farm.
1



To find the total number of h& under the BT crop, we recall the conditi@wi =1, where

the sum is over all farms involved in the adopfwacess. Performing this sum in (6) and solving

for N, we obtain:

(P - C)\_/s_ p

N _
S (7)

(P—c)\_/n—[(’BiB_l)(P—k)Q— 10]

1

wherevs = Z%V, andva = > wy, denote the average yields of traditional crospeetively

on total land and on the land devoted to the neintalogy.

Expression (7) shows how the diffusion mechanisfferdi from the adoption one. While the
individual shares (i.e. the level of adoption) depenly on exogenous variables, some of which
vary idiosyncratically across farmers (e.g. thetriigtion of farm size and the yield of the
traditional crops), the total area under BT croppathds on adoption from a plurality of farmers

and thus, endogenously, on the distribution ofitidévidual farm areas between the new and the

old technology. Note the% is equal to 1 only when all farmers have adopbed! for less than

full adoption, diffusion will be larger (i.eg closer to 1), the closer the NPV of the new

~

technology will be to the aggregate opportunitytcfos switching from the old to the new

technology.

(P—k)Q=%{(P—C)(\_/n—\_/s)+p+|0"] (7a)

The first term in square brackets in (7a) is negaifi the farmers that adopt the new technology
are, on average, less productive with the old ofkkis seems reasonable, under most

circumstances, since the first adopters would lbsehthat gain mostoeteris paribus Thus,



diffusion will be faster, the more diversified tFermers in their ability to increase incomes by

using the old technology.

From (6) we can also derive the value for the éauuiim price p of land services by applying
the constraint of the total land availab@:ZS. Assuming a constant elasticity supply

function for landS = Sop", we find that at full adoption land will be dravimto cultivation at

the average rate:

= na(h-H(P-KQ @®)

where we have applieBEdQ= adt from the definition of the stochastic procesq1).

To summarize our analysis: for a given price ofllathe adoption rate of the individual farmer
will depend in principle on how profitable is thevkcrop as compared to the traditional crops.
For a sufficiently higher differential profitabiit all farmland will be devoted to GM crop. The
process of diffusion, however, will cause land erto rise, and new land will be drawn into
cultivation. A race between the yield increasessiy the new technology and land prices will
ensue with uncertain results, since the appareat-ieereasing character of GM economic
profitability will result into a progressive takemvof a whole variety of other land uses, including
pastures and forests.

3. Some empirical evidence

By linearizing equation (6), we obtain the follogiastimable equation for the rate of adoption:

w = f(N,S,P, p.c.k,a* R)+y, 9)

where we have introduced a variable R to indidateddition to variance, the perceived level of
risks that may affect the farmers’ decisions. In (9 is a well-behaved random disturbance and

the symbols under the variables indicate the exglagattern of signs. While we do not have farm



level data to estimate (9), we have data of adomiahe level of each US state for 5 years. We

can thus re-write equation (9), denoting time wiith subscript t as:
W, =2 w, =g(N,S,P,pckac’ R+ u, (10)
o1 + + + _ o+ - =

Because total land at the state level can be ceresidalso a measure of diffusion of the new
technology, by a simple transformation of (10), e@® also specify a “diffusion” equation of the

following form:
Ny =@ N =N w, =h(S,P, p,c k0% R)+V (12)

where N, denotes the area under the GM crop considerdjrth state in thé-th year andv,

is again a well-behaved random disturbance.

3.1. Data Source

We make use of a panel dataset built upon a sdiffefent sources. Data for GM crop adoption
are drawn from the USDA's National Agricultural t&tcs Service (NASS) survey from 2000 to
2008 for 13 states of USA involved into the prodctof 4 different GM crops: Bt and Ht corn,
all GE corn, and Ht soybean. Additional state leaadl aggregate data for the same period are
drawn from the Economic Research Service (ERS)hef USDA. In particular, for each
traditional crop we have state level informationtotal area harvested, price per unit of crop,
whereas, at the USA level, our analysis includeetiseries on index of fuel, herbicides,
insecticides, and fertilizers. We complement oualgsis with geographical dummies, and
variables on yearly news about GM constructed u&Bapgle News”. Finally we have computed
a time series variables on the number of GM peapjtroved by USDA’s Animal and Plant
Health Inspection Service (APHIS).

To analyze the effect of uncertainty on GM crop @am and diffusion, we run two types of

regression. : the first on the log difference @& #nea allocated to each GM crop and the total area



in USA. This will test the adoption rate by eachtst The second, on the adoption, namely
amount of area allocated to each GM crop by #tadeery year.

We have two measures of uncertainty: one the ond tie variance of the area under each GM
crop in USA over the period 1996 to 2008. Datdnatdtate level are only available between 2000
and 2008, and computing state level variance wbiakk reduced the length of the panel. For
each year, starting from 2000, uncertainty proxgamsputed as the variance of the residual of an

OLS on time between t and t-t0. The second proxynakertainty is represented by the parameter

B
,31 -1

, applying specific values to rho minus delta, pleecentage growth of farm revenue that

the holder of the option is foregoing, in orderkieep alive the option invest in GMO crops.

According to Dixit and Pindyck, Beta is equal to

ﬁfl—(”_5’+J[“"f’}2+2—€forﬁl>1
2 g

o? o

3.2. Empirical Results

Tables 1- 4 present our results from the applicatib(11) and (10) to the database mentioned.
While the results on the diffusion variable appeagk, those on the adoption variable (the share
of land) are mostly significant and show all th@eosted signs.

Uncertainty over GM crop is more a matter of admptiather than diffusion. As the figures of the
pattern of GM crop development shows, once farmaeiapt this new type of crop, the rate of
diffusion is fast and the traditional S-shape cwf/gechnology diffusion elapses.

The coefficient of the uncertainty proxies (varianend beta parameters) reflect the negative
relationship between adoption and objective riskatidition to that, to take into account the
uncertainty associated with health risk of GMO, veee included a variable that summarizes the
google page encompassing the following words “ddop+ GM crop + health risk”. As
expected there is a negative relationship betwampteon and the news, pointing towards an

increasing reluctance of adopting before uncesdmtesolved. The coefficient of the remaining



variables confirm the theoretical expectations ofupply function estimation. In particular,
supply of GM crop increase land area under cropivetiion, with the price of the input trait of

the GM crop, while it decreases with the pricerf ather input used.

Conclusions

Unlike other cultures and technologies, GM cropsspnt distinctive characteristics in the
adoption-diffusion stages. While adoption goes gncbnvincing farmers to experiment and
substitute the new crops for the old ones, diffasjoes beyond full adoption on the part of all
farmers. With the spread of the new crops to apeesgiously destined to other types of culture,
and even to pasture and forests, diffusion tendbetmome a process of colonization, where
potential land is progressively taken over by Gihtelogy.

Both adoption and diffusion depend, for their dgpient, on thresholds of perceived
profitability and risks being crossed. These thotds, in turn, depend on internal and external
factor, such as experiments on and off farmers’ estates, information and prices. Diffusion,
however, depends both on the crossing of thecatithresholds on the part of existing farmers
for the same crops, and on its own thresholdsteesito other potential farming land. In the end,
therefore, the two processes together are likeshtmwv a much greater momentum of traditional
innovative agricultural technologies.

These conclusions may appear to contradict thergeperception of a delayed penetration for
the GM crops, whose success seems to be retarddgickyof information, mistrust and an
exaggerated perception of risks. As the experiém¢ee US and in several other countries (e.g.
Argentina and China ) shows, GM crops tend tonvadive, in that their short term profitability
is so high as compared with the investment neetlet, once the hump of uncertainty is
overcome, they operate a veritable takeover ofcaljure. While adoption may still proceed
slowly in several cases, and diffusion may thusloeked by lack of information, administrative

decisions or government interventions, the drivextsteme diffusion of GM’s seems inevitable,



given sufficient time. In fact, the only remedy fbe loss of biodiversity implied by such a drive

is in the diversification potential of the same GMs



Table 1: Bt Corn Adoption and Diffusion

)
OLS on Log area Bt

@

OLS on Log area Bt

(3
OLS on Log area Bt
corn State i - Log total

(4)
OLS on Log area Bt
corn State i - Log total

corn Stgte = corn Ste_lte = area Bt Corn in USA = area Bt Corn in USA =
Diffusion Diffusion : :
Adoption Adoption
Var log area Bt Corn USA -0.046 -0.481 %+
(detrend)
(0.83 (8.68
(Beta/(Beta-1)) of Bt corn 4.640 48.638***
(0.83) (8.68)
Log share of farm in the state -0.128* -0.128* -0.128* -0.128*
relative to US/
(1.65) (1.65) (1.65) (1.65)
Log Total area of corn Harvested 0.025*** 0.025*** 0.025*** 0.025***
(6.22] (6.22] (6.22] (6.22]
Log Price per Unit -0.016 -0.016 -0.016 -0.016
(0.54) (0.54) (0.54) (0.54)
Log nb Permit Approve -0.031 -0.06: -0.02¢ -0.285***
(0.64; (0.75, (0.43 (3.45,
Iﬁg?dlndex of Fertilizer Prices 0.046 0.016 -1 20gwk -1 879w
(0.34, (0.10 (9.14 (12.25
Log Index of Fuel Prices Paid -0.017 -0.042 0.443* 0.177*
(0.23) (0.50) (5.92) (2.07)
Iﬁg?dlndex of Herbicide Prices 0.022 0.000 -0.170* -0, 405+
(0.23) (0.00) (1.72) (3.62)
Iﬁg?dlndex of Insecticide Prices 0.002 0.160 1 750wk 3.39#k
(0.02) (0.52) (11.12) (11.07)
Log Nb od pages on google news -0.005 -0.005 0.034% 0.034%+
GM crops adoptic
(0.65) (0.65) (4.50) (4.44)
Log Nb od pages on google news -
GM corn adoption health ri 0.002 0.000 -0.031m -0.046
(0.43) (0.03) (8.06) (11.23)
B””.‘my Northern Crescent 1.063 1.063 1.063 1.063
egion
(151 (151 (151 (151
[r)e‘gigf‘y Northern Great Plains -0.606 -0.606 -0.606 -0.606
(0.59) (0.59) (0.59) (0.59)
Dummy Prairie Gateway region 0.597 0.597 0.597 D.59
(0.84) (0.84) (0.84) (0.84)
Observation 117 117 117 117
Number of State nb 13 13 13 13
R-square within 0.32 0.32 0.99 0.99
R-square betwer 0.87 0.87 0.87 0.87
R-square overe 0.32 0.32 0.9¢ 0.9¢

Source: Authors’ computation on NASS, ERS and ABMafa

Absolute value of z statistics in parentheses

* significant at 10%; ** significant at 5%; *** sigificant at 1%



Table2: Ht Corn Adoption and Diffusion

@)

OLS on Log area Ht

)

OLS on Log area Ht

®3)
OLS on Log area Ht
corn State i - Log total

4
OLS on Log area Ht
corn State i - Log total

com St"?“e = com S“?‘te = area Ht Corn in USA = area Ht Corn in USA =
Diffusion Diffusion . .
Adoption Adoption
Var log area Ht Corn USA 1610 7 470w
(detrend
(1.22) (5.66)
(Beta/(Beta-1)) of Ht corn 2.342 10.877***
(1.22] (5.66
Log share of farm in the state 0086 0.086 -0.086 0,086
relative to USA
(1.09 (1.09; (1.09; (1.09
Harveste 0.021** 0.021*** 0.021%** 0.021**
(5.28) (5.28) (5.28) (5.28)
Log Price per Unit -0.020 -0.020 -0.020 -0.020
(0.71; 0.71; 0.71; (0.71;
Log nb Permit Approved 0.084 0.105 0.881*** 0.979*
(1.05) (1.09) (11.00) (10.21)
IIS(;?c Index of Fertilizer Prices 0.140 0.074 -1.390%% -1.698%+
(1.02) (0.59) (10.16) (13.47)
Log Index of Fuel Prices Pe -0.08( -0.05¢ 0.407*** 0.504***
(0.91) (0.75) (4.62) (6.40)
Ilsggigdlndex of Herbicide Prices 0073 0071 -0.539%+ -0.532%%
(0.52; (0.51; (3.86; (3.84
Ilgg?dlndex of Insecticide Prices 0.105 0.167 2 401+ 2 G592k
(0.49 (0.65; (11.25 (10.47
Log Nb of pages on google news -0.001 0.004 0,101+ 0.123%
GM crops adoption
(0.09) (0.46) (14.87) (13.81)
Log Nb of pages on google news ) - ) -
GM corn adoption health risk 0.004 0.001 0.037 0.047
(0.95) (0.38) (9.90) (12.98)
Dummy Northern Crescent . . . .
Region 1.202 1.202 1.202 1.202
(1.68) (1.68) (1.68) (1.68)
rDel:]rir;rrr]]y Northern Great Plains 0.063 0.063 0.063 0.063
(0.06) (0.06) (0.06) (0.06)
Dummy Prairie Gateway regi 0.72¢ 0.72¢ 0.72¢ 0.72¢
(1.00 (1.00 (1.00 (1.00
Observations 117 117 117 117
Number of State nb 13 13 13 13
R-square withil 0.5z 0.52 0.9¢ 0.9¢
R-square betwenn 0.79 0.79 0.79 0.79
R-square overall 0.52 0.52 0.99 0.99

Source: Authors’ computation on NASS, ERS and AR}t

Absolute value of z statistics in parentheses

* significant at 10%; ** significant at 5%; *** sigificant at 1%



Table3: All GE Corn

1)

OLS on Log area all GE
corn State i Diffusion

@)

OLS on Log area all GE
corn State i Diffusion

©)
OLS on Log area all GE
corn State i - Log total area
all GE Corn in USA =

Adoption
Var log area Bt and Ht r
Corn USA (detrenc -0.114 -401.264
(0.89 (3.60
(Beta/(Beta-1)) of all GE 2360
corn
(0.89
Log share of farm in the -
state relative to USA -0.015 -0.015 141.611
(0.14 (0.14 (4.11
Log area Harvested 0.026*** 0.026*** -6.023***
(5.28) (5.28) (3.41)
Log Price per Unit -0.029 -0.029 -250.558***
(0.91 (0.91 (38.46
Log nb Permit Approved -0.051 -0.064 -330.352***
(0.90 (0.95 (9.01
Lo_g Index_ of Fertilizer 0.129 0078
Prices Paid
(0.88) (0.51)
lE)(;lgigdlndex of Fuel Prices -0.050 -0.066 450 855k
(0.61) (0.78) (27.53)
Log Index of Herbicide 0.036 0.020 1,348,944+
Prices Pai
(0.33) (0.17) (15.91)
Log Index of Insecticide
; - -0.057 0.063 -204.158*
Prices Pai
(0.34) (0.24) (1.87)
Log Nb of pages on google -0.009 -0.008 5,498
news GM crops adoption
(1.08) (1.04) (2.08)
Log Nb of pages on google
news GM corn adoption 0.004 0.003 -3.099***
health risk
(0.92) (0.61) (7.74)
Dummy Northern Crescent 1145 1145 -958.918%++
Regior
(1.28) (1.28) (3.33)
Dummy Northern Great 0.365 0.365 11,378.572+%
Plains regio
(0.24) (0.24) (2.78)
Dummy Prairie Gateway 0377 0.377 811.690%*
regior
0.44 (0.44 (2.95
Observations 117 117 117
Number of State nb 13 13 13
R-square witin 0.47 0.47 1.0C
R-square betwenn 0.76 0.76 0.06
R-square overall 0.47 0.47 1.00

Source: Authors’ computation on NASS, ERS and ABpag

Absolute value of z statistics in parentheses

* significant at 10%; ** significant at 5%; *** sigificant at 1%



Table 4: Ht Soybean Adoption and Diffusion

@)

OLS on Log area Ht OLS on Log area Ht
Soybean State i =

@)

Soybean State i =

@)

OLS on Log area Ht

(4)
OLS on Log area Ht

Soybean State i - Log Soybean State i - Log
total area Ht Soybean total area Ht Soybean

Diffusion Diffusion in USA =Adoption in USA =Adoption
Var log area Ht
Soybean USA -0.026** -208.307
(detrend
(2.39 (1.33
(Beta/(Beta-1)) of Ht 0.653%
soybean
(2.39
Log share of farm in
the state relative to -0.001 -0.001 0.455 -0.145
USA
(0.44 (0.44 (0.03 (0.02
Log area Harvested 0.012*** 0.012%** -0.543 0.121
(19.15 (19.15 (0.24 (0.05
Log Price per Unit 0.000 0.000 0.912 4.479
(0.11) (0.11) (0.15) (1.18)
Log nb Permit -0.001 0.001 -185.511%+* -12.080
Approvec
(0.18) (0.30) (3.26) (0.69)
;09.'.”0'9’( of 0.001 -0.007 195.955%+ 312.617**
ertilizer Prices Pa
(0.25 (1.55 (4.05 (10.17
Log Index of Fuel -0.004 -0.006** -186.266%+ -39.953
Prices Pai
(1.60 (2.00 (4.89 (1.99
Log Index of
Herbicide Prices -0.004 -0.008 -935.842%**
Paic
(0.51) (0.87) (12.41)
Log Index of
Insecticide Prices 0.011 0.030 -390.843*** 328.499***
Paic
(0.88) (1.56) (3.97) (4.60)
Log Nb of pages on
google news GM -0.000 0.000** -28.675%* -34.260***
crops adoption
(0.26) (2.32) (8.23) (19.48)
Log Nb of pages on
google news GM -0.000 -0.000* 10.072% 16.957%
corn adoption health
risk
(0.19 (1.84 (6.85 (17.01
Dummy Northern 0.030 0.030 24502 11.439
Crescent Region
(0.32 (0.32] (0.04 (0.03
g”mmy Northern 0.078 0.078 -26.467 33.233
reat Plains region
(0.81) (0.81) (0.05) (0.09)
g”mmy Prairie 0.198* 0.198* -44.646 25.330
ateway region
(2.16 (2.16 (0.08 (0.07;
Observations 117 117 117 117
Number of State nb 13 13 13 13
R-square withil 0.8t 0.8t 0.7 0.8¢
R-square betwet 0.9¢ 0.9¢ 0.5 0.4¢




R-square overall 0.85 0.85 0.73 0.89

Source: Authors’ computation on NASS, ERS and ABpag

Absolute value of z statistics in parentheses
* significant at 10%; ** significant at 5%; *** sigificant at 1%
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