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Abstract

The importance of socio-economic impacts (SEI) from the introduction and use of genetically modified (GM) crops is
reflected in increasing efforts to include them in regulatory frameworks. Aiming to identify and understand the present
knowledge on SEI of GM crops, we here report the findings from an extensive study of the published international scientific
peer-reviewed literature. After applying specified selection criteria, a total of 410 articles are analysed. The main findings
include: (i) limited empirical research on SEI of GM crops in the scientific literature; (ii) the main focus of the majority of the
published research is on a restricted set of monetary economic parameters; (iii) proportionally, there are very few empirical
studies on social and non-monetary economic aspects; (iv) most of the research reports only short-term findings; (v) the vari-
able local contexts and conditions are generally ignored in research methodology and analysis; (vi) conventional agriculture
is the commonly used comparator, with minimal consideration of other substantially different agricultural systems; and (vii)
there is the overall tendency to frame the research upon not validated theoretical assumptions, and to over-extrapolate small-
scale and short-term specific results to generalized conclusions. These findings point to a lack of empirical and comprehensive
research on SEI of GM crops for possible use in decision-making. Broader questions and improved methodologies, assisted
by more rigorous peer-review, will be required to overcome current research shortcomings.
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Although there is no an agreed definition of the term
“socio-economic impacts” (SEI) in relation to genetically
modified organisms (GMOs), its broad use involves the
combination of different social and economic factors, with
arguably the exception of particular ethical, health and
environmental issues (Spok 2010). General SEI definitions
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adopted in country guidelines provide useful insight. For
instance, the Interorganizational Committee on Principles
and Guidelines for Social Impact Assessment (2003) of
the United States of America describes social impacts as
“the consequences to human populations of any public or
private actions that alter the ways in which people live,
work, play, relate to one another, organize to meet their
needs and generally cope as members of society. The term
also includes cultural impacts involving changes to the
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norms, values, and beliefs that guide and rationalize their
cognition of themselves and their society” (p. 231). In this
literature-review paper, we understand SEI of GM crops as
both the direct and indirect changes in social and economic
conditions from the introduction of agricultural varieties
of modern biotechnology and their corresponding techno-
logical packages (e.g. necessary herbicides). Accordingly,
multiple and cumulative effects, or trajectories, need to be
considered, as well as case-by-case assessment.

The inclusion of SEI in GMO-biosafety policy-mak-
ing (Bereano 2012; Binimelis and Myhr 2016; Catacora-
Vargas 2012; Falck-Zepeda and Gouse 2017; Mackenzie
et al. 2004; SCBD 2003), and in scholarly research (Falck-
Zepeda and Zambrano 2011; Kleinman and Kinchy 2007;
Stabinsky 2000) has been challenging. This is due firstly to
the lack of a clear definition of what it constitutes as well
as the different policy-making and research views on mul-
tiple aspects, such as scope, methods, indicators, and “end-
points” (Binimelis and Myhr 2016; Spok 2010). Second,
to the general priority given to ostensibly precise scientific
dimensions of knowledge for policy issues, which has left
social dimensions of GM innovation neglected relative to
economic assessments. One of the overall results of this
is the limited quantity and quality of research and infor-
mation in this field. Despite these challenges, GMO-SEI
have received special attention in regulatory frameworks
(COGEM 2009; European Environment Council 2008;
Greiter et al. 2011; Spok 2010). By 2015, more than 40
countries from all continents have included them in their
GMO biosafety legislation (Binimelis and Myhr 2016;
SCBD 2014; Spok 2010).

Our analysis aims to identify and understand the pre-
sent knowledge base on SEI of GM crops by reviewing the
available relevant peer-reviewed scientific literature. For this
purpose, our study takes into account both economic and
social aspects occurring along the different phases of the full
agricultural value-chain or at the aggregated societal level.

This research complements the few comprehensive and
systematic reviews on this matter, such as the work of Smale
et al. (2009), who analysed the economic studies literature
providing empirical data from developing countries between
1997 and 2007, and Fischer et al. (2015), who analysed the
impacts of GM crops at the farm level reported in peer-
reviewed articles published from 2004 to 2014. In their
work, impacts are classified in five categories: economic,
distributional, access and ownership, wellbeing, and cultural
heritage.

The following sections describe our methodological
approach and findings, and offer an integrated analysis,
quantitative and qualitative, of current gaps and methodo-
logical shortcomings in the literature reviewed. Finally, we
suggest options for addressing existing knowledge gaps,
biases, and methodological weaknesses in GMO-SEI
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research, to improve the relevance and quality of infor-
mation for both regulatory and scholarly purposes.

Methodological approach

In this section are described the selection, organization
and criteria for analysis of the papers included in the
review.

Selection criteria

The peer-reviewed articles were selected according to sub-
ject matter and review status. For subject matter, selection
focused on papers reporting, analysing or discussing social
and/or economic impacts of GM crops based on empirical,
methodological or theoretical research. In order to stream-
line the review to actual social or economic aspects of GM
crops and on the understanding that public attitudes are not
socio-economic impacts per se, articles on public perception
were excluded, unless explicitly related to market demand,
consumer choices, or other concrete GM crops/foods SE
issues. Additionally, papers related to ethical analysis and
regulatory processes were also omitted, unless dealing with
concrete SEI.

Regarding review status, we concentrated on peer-
reviewed journal articles published in English. We did this
for three main reasons: first, the availability of research tools
that allow comprehensive retrieval of such articles; second,
the authoritative character of peer-reviewed literature; and
third, the majority of internationally published research
is in English. Despite our emphasis on English-language
peer-reviewed articles, we acknowledge that they represent
only part of the whole body of global literature, and that
other publications (e.g. books and reports peer-reviewed or
not, in English and other languages) based on solid research
and analysis, are also relevant for informing regulation and
research.

Sources of information

The articles reviewed were retrieved from Web of Sci-
ence (formerly ISI Web of Knowledge) using the fol-
lowing terms: (i) related to the scope of the literature
review, “soc*” or “econ*”; (ii) related to the general cat-
egorization of socio-economic impacts, “impact”/“risk
s”/“damage”/“harm”/“cost”/“benefit”; and (iii) subject
“GMO”/“GM”/“transgen™”/“genetic engineer*”/“genetic
modification”/“genetically modified”; all specific to
agriculture.



Socio-economic research on genetically modified crops: a study of the literature

Period of the retrieval

In order to identify articles on SEI of GM crops published
before their commercial introduction in the mid 90s, the
search did not impose a starting year. Hence, it included
all possible peer-reviewed articles published by December
2014, with the last retrieval done on the 31st of January
2015.

Data extraction

A preliminary total of 1451 articles were selected from the
original retrieval. From this, 410 fulfilled the selection cri-
teria and were included in the review; nine were eliminated
for being anonymous, and two were not accessible through
our university libraries. The data-extraction was restricted to
the papers retrieved by the search engine, and no additions
of other articles was made, even when missing papers where
identified. Inherently, this imposes limitations for analysing
the full body of literature in SEI of GM crops. However, the
total number of articles reviewed can be considered a suf-
ficiently comprehensive sample. The analysis of each article
was performed according to the following guiding criteria
(Table 1): (i) disciplinary approach, (ii) type of article, (iii)
crop, (iv) trait, (v) country, (vi) groups researched, (vii) scale
of appraisal, (xviii) timing, and (ix) category and parameters
of research. Three additional criteria were applied to ex-post
empirical and econometric types of article: (x) period of
time after the introduction of the GM crop when the research
started, (xi) duration of research-observation, and (xii) com-
parator used. In order to record the information in the most
comprehensive manner, the guiding criterion combined an
a priori and an a posteriori categorisation of the possible
findings. This approach aimed to show the multifaceted
and mutually interactive complexity of possible SEI of GM
Crops.

Data analysis

A posteriori grouping of the findings was performed, set-
ting categories of data consolidation. The data extracted was
arithmetically consolidated and graphically represented.
Finally, as an important remark on the methodology
applied, we restricted our literature analysis to the generally
accepted definition of SEI. The concept of “impact” implies
a direct cause-effect relationship; thus, this focus within the
agricultural value-chain overlooks impacts of a more com-
plex and relational kind. For example: the marked concen-
tration of global corporate control of R&D and innovation;
greater concentration and reduced variety in seed and inputs
markets; proliferation of private intellectual property rights
culture; and related institutional rearrangements which have
been encouraged by the advent of GM agrobiotechnologies

(Ervin and Welsh 2006; Glenna et al. 2015; Rudy et al.
2007). These are vastly more far-reaching than the many
case-specific ones that almost define the prevailing literature.

Results and discussion
Quantitative findings

Disciplinary approach and types of article available
in the literature

The majority (55%) of the articles analysed have an eco-
nomic focus, while 40% and 5% have a SE and exclusively
social approach, respectively (Fig. 1). In terms of types of
article, 42% are discussion papers based on secondary data
or essays with no empirical evidence for their conclusions.
Only 20% are based on first-hand empirical data. Economet-
ric papers represent 38% of the total articles.

Crops and traits researched

Of the total papers reviewed (410), 19% lack information on
the type of GM crop or the trait researched (Fig. 2). Instead
they refer to the crop in generic terms or using a broad trait-
based description, such as GM crops or herbicide-tolerant
crops, respectively. Another feature is the limited number of
GM crops studied. As of mid-2016, the Biosafety Clearing
House of the Cartagena Protocol on Biosafety (BCH-CBD
2016) registers 31 different GM crops (for food, feed and
ornamental purposes). However, the published socio-eco-
nomic research concentrates on only a restricted number of
these: 81% of the 334 articles that specify the crop(s) stud-
ied refer to cotton, followed by maize, and soybean (Fig. 2).
Consistent with Fig. 1, these top-three crops are mainly
analysed from an econometric or discussion approach, and
empirically to a much lesser extent.

Of the 81% (334) articles which do specify the trait of the
GM crop studied, 38% are discussion papers, followed by
35% econometric ones. Only 22% provide empirical infor-
mation. From the total trait-specific articles, 17 (5%) deal
with stacked-trait GM crops (Fig. 3), with only 1% (4) of
these having empirical data. For the studies focused on sin-
gle-trait GM crops, 79% (322 in total) relate to either insect-
resistance (228 papers) or herbicide-tolerance (139 papers).

Insect-resistance and herbicide-tolerance traits were
introduced in the mid 90s, during the first generation of
commercial GM crops. Since then, they have been the main
focus of GMO SE research. Articles on GM traits intended
for enhancing nutritional food-content are generally opinion-
based and non-empirical (Asante 2008; Bouis 2002, 2007;
Bouis and Welch 2010; Christou and Twyman 2004; Pot-
rykus 2010). As noted above, new GM traits (e.g. stacked)
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Table 1 (continued)

A posteriori sub-criteria of data consolidation

Guiding criteria of data collection Description

Conventional agriculture

Organic farming

Type of production systems used to compare the results obtained with GM

Comparator used

crops ex-post empirical or econometric/modelling research

Subsistence agriculture

Aspects of analysis according to the SEC dimensions identified by the Carta- Economic dimension

Category and parameters

Social dimension

gena Protocol Ad-hoc Technical Expert Group

Ethical and cultural

Ecological

Public health

In this work, a differentiation between ‘farmer’ and ‘producer’ is made in the data analysis. ‘Farmer’ is understood as a person with daily working activities and a livelihood that are directly
related to agricultural activities. ‘Producer’ is a wider term including those linked to agricultural activities and persons participating in food, feed and fiber production and processing, as well as

other foodstuff related activities, such as beekeeping

either commercially available or in the R&D pipeline receive
minimal attention in the SE literature (NASEM 2016), point-
ing to a knowledge-gap (and also of course, an inevitable
lag-time in empirical research and publication, following
cultivation) since these crops increasingly feature in agri-
cultural production and regulatory discussions (Berger and
Braga 2009; EFSA Panel on Genetically Modified Organ-
isms 2012; Freese 2012; Nordgard et al. 2013; Taverniers
et al. 2008).

Countries of research

From the total of articles reviewed, 65% (267) make explicit
the country of research (Fig. 4). The remaining 35% either
just provide a regional indication (128 papers), or no indica-
tion (15 papers).

The 267 total articles indicating the place of research
include sixty countries, with different depths of analysis.
Each article commonly refers to more than one country, with
Asian (37%) and North American (31%) the most studied.
However, the majority (78%) of such research is restricted to
four: the USA (28% of total), India (22%), China (15%) and
South Africa (13%). Most of these are econometric analysis
based on secondary data, and the total empirical research
into social, socio-economic and economic aspects is lim-
ited: 23 (9%) and 13 (5%) papers in the USA and India,
respectively.

Groups reseached

84% (340) of the articles indicate at least one type of group
researched, with 10% being unclear (using generic terms
only, such as “population” or “humankind”), and 3% giving
no indication of the group analysed. The literature report-
ing the group studied concentrates on producers (77%) par-
ticularly in econometric (93 papers, 35%) and discussion
articles (95, 36%), (Fig. 5). Among these the focus is on
farmers in 261 papers (76%). For the period of retrieval of
the literature, only one paper deals with beekeepers. The sec-
ond most researched group is consumers (52 papers, 15%),
followed by traders (6%). Studies on other actors involved
in the value-chain of GM crops are scarce. A general sector
that receives attention is the agrifood and agribusiness sector
(14% of the articles analysed). In the whole body of the SE
literature appraised, one paper alone relates to indigenous
communities through a discussion type article (i.e. Satter-
field et al. 2013). This is surprising, particularly in light of
the 2007 UN Declaration on the Rights of Indigenous Peo-
ples (UN 2007), and the Cartagena Protocol (SCBD 2000),
which specifically indicates the relevance of SE considera-
tions to indigenous and local communities.

We further analysed the empirical and econometric
research on farmers (23% and 36% of the papers reviewed,
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respectively, a combined total of 154 articles) in terms of
the scale of the agricultural systems studied. The larg-
est group (40%) refers in general terms to “small-scale”
systems, and to a lesser extent to farmers engaged with
“medium” (8%) and “large-scale” production (15%). Most
of the papers provide no details on what these categories
entail.

In relation to the scale of the farming system the
percentages shown in Fig. 5 exceed 100% because it is
common that each article deals with more than one type
of farming system. A total of 53% articles (16% of the
empirical and 37% of econometric papers) related to
farmers provides no indication of the scale of the sys-
tem analysed, resulting in no distinction in the agricul-
tural system and the corresponding production dynamics
where the GM crops are researched. This information is
frequently absent: in 41% of empirical and 61% of econo-
metric papers describing SEI on farmers (Fig. 5).
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Consistent with the findings on groups researched, the
largest portion of the literature (48% or 195 papers) relates
to farm scale impacts. Sectorial analysis (either agricul-
tural production or trade) also receives attention (22% of
the total). A restricted number of papers have a house-
hold (5% of the articles), or a community (2%) approach
(Fig. 6).

Large-scale national and global level analysis (25 and
22% of the total articles reviewed, respectively) is common
especially in discussion and econometric papers. Empiri-
cal research is limited: only eight articles were based on
empirical research compared with 56 with an econometric
approach, and 97 discussion-type articles. Hence, there
is minimal empirical evidence on SEI of GM crops at
national and regional scales, pointing to a key knowledge

gap.
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Timing of the research

The analysis of the timing of the research is applied to
empirical and econometric types of article. From the former
(empirical), 90% are ex-post; while from the latter (econo-
metric), 53% are ex-ante. In both cases, the predominant
papers are of economic type (Fig. 7).

Given their relevance in regulatory processes, ex-post
empirical and econometric types of articles are analysed in
relation to the period and length of the research, as well
as the comparator used. Accordingly, these complementary
examinations included a total of 133 articles (32% of the
total articles reviewed).

Period of time after the introduction of the GM crop

Figure 8 shows that in the case of ex-post empirical
research, 44% (of 133 articles) report short-term findings,
from 1 to 3 years after the introduction of the GM crop to
the area of study. Another 26% is research carried out in a
mid-term period, from between 4 to 7 years after the GM
crop introduction. Together these proportions underline
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the predominant short-term quality of the data, analysis
and reporting, and leaves the potentially different medium
or long-term effects quite excluded from examination
(Stone 2011). As Stone implies, such research as pub-
lished could be misleading for policy-making. Important
part of the ex-post papers—empirical (19%) and econo-
metric (55%)—does not provide information on the year
of introduction of the GM crop in the area of research.
The absence of this information makes the findings dif-
ficult to interpret.

Duration of the research

The analysis of the temporal duration of research is per-
formed on all the 133 ex-post empirical and econometric
types of article. Among empirical papers, 96% effectively
report the years of research; however, a much lesser per-
centage (59%) of econometric articles provide this informa-
tion, meaning that the remaining 41% of this category do
not specify the length of the research. The majority of the
articles specifying the duration of the research are of short-
term after the introduction of the GM crop: 58% and 44% in
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empirical and econometric research, respectively (Fig. 9).
The largest portion (20%) of articles missing this informa-
tion follow the economic disciplinary approach.
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In this review, we analyse the comparator used in ex-post
empirical and econometric research at farm scale (89 articles
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Fig. 7 Distribution according to the timing of the research in relation to the type of article and disciplinary approach

in total). From these, 74% (66 papers) are clear on the com-
parator, thus a quarter lacks this information (Fig. 10). Of
the 66 papers making explicit the comparator, 91% use
conventional agriculture while only a minimal portion indi-
cates organic farming (6%), subsistence agriculture (8%) and
other kinds of agricultural systems (3%). In this case, the
percentages shown in Fig. 10 add to a number larger than
100% because some articles refer to more than one farming
system. We discuss the implications of using conventional
agriculture as the dominant comparator in the section on
qualitative findings.

Categories, criteria and indicators

From the literature reviewed, we find 72 different SE crite-
ria, giving a total of 30 categories, which we group under
five dimensions (Table 2), as proposed by the Ad-hoc Tech-
nical Expert Group on Socio-Economic Considerations of
the Cartagena Protocol on Biosafety (SCBD 2014). This
broad range of criteria has also been noted by Spok (2010).

The majority of parameters analysed (82%) are economic,
mostly comprising income/revenue, productivity, and pro-
duction-costs. The second-largest dimension of analysis is
the social (44% of the articles), which includes few param-
eters, particularly food and nutritional security followed by

@ Springer

agricultural management. SE factors related to ecological
and public health issues are covered in 28 and 20% of the
papers, respectively. Cultural aspects are minimally studied
(2%) (Fig. 11).

Qualitative findings

Mono-disciplinary dominance from a research bias
towards neo-classical economics

In the literature reviewed there is a clear predominance of
articles following a monetary economic approach (Fig. 1),
mainly recognising direct changes to income, revenue, pro-
ductivity and production costs (see Table 2; Fig. 11). These
studies aim to measure effects on profits and savings for
producers and consumers resulting from the adoption of
GM crops. This restricted economic focus occurs more on
econometric and discussion types of paper, being found
less frequently in empirical research. The current SE lit-
erature’s domination by economic impact papers is also
reported by Fisher et al. (2015) and Smale et al. (2009),
who note their typical use of derivative (previously pub-
lished) empirical evidence (e.g. Knezevic 2007; Kliimper
and Qaim 2014; Smale et al. 2009). Other non-economic SEI
receive less attentio