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4�1  Introduction

Most studies conducted to date about the adoption and impacts of genetically modi-
fied organisms (gMos) have examined the direct, on-farm benefits to producers 
(Qaim 2009; smale et al 2009; Pontifical academy of sciences 2010; Potrykus and 
ammann 2010; areal et al. 2012). to estimate on-farm benefits, applied research-
ers have most often relied on farm data collected through survey interviews to test 
hypotheses about changes in yield, use of labour and other inputs, costs and returns. 
the same data can be aggregated to represent benefits to a sector and to society.

researchers have also used estimates of net profits per hectare from survey data, 
trial data or data obtained from companies to estimate overall returns to produc-
ers (for a complete discussion, see smyth et al., forthcoming). Benefits to society 
have been generally estimated via the well-known economic surplus approach or 
the global trade analysis Project (gtaP) and similar approaches that consider 
market supply and demand for a specific sector or for the economy as a whole. use 
of trade analysis reflects the interest of decision-makers in understanding whether a 
specific country stands to gain from the potential adoption of gMos. researchers 
have also modified the economic surplus approach to address issues such as tempo-
rary monopoly conferred to innovators through intellectual property, heterogeneity 
among producers, uncertainty and the postponement of benefit flows due to regula-
tory processes. Benefits to society are often expressed as the size and distribution of 
economic benefits accruing to producers, consumers and innovators.

this chapter discusses methods and approaches used to evaluate benefits to 
producers and society, and their limitations and implications for national and 
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international regulatory environments. studies examining producer and societal 
benefits are more relevant to formal technology evaluation processes than the 
environmental and/or the food/seed risk assessment procedures used in biosafety 
regulatory processes. this is largely because very few aspects related to the mea-
surement of benefits to producers and to society are directly related to risk consid-
erations. some exceptions to this state of regulatory and decision-making affairs 
may be the financial or production risks connected to market and post-release 
environments.

4�2  Methodologies

a fundamental distinction concerns ex ante as compared to ex post analyses. Meth-
ods described here can be used in either. ex ante impact assessment refers to analy-
sis that estimates the potential impact of the adoption and diffusion of a gM in-
novation. Practitioners customarily perform ex ante analysis to evaluate competing 
project options and allocate resources based on a priority setting exercise. in an ex 
ante analysis, the researcher proposes plausible values for key parameters in the 
model chosen.

in contrast, ex post impact assessment refers to analysis that evaluates past per-
formance and achievements. this is an after-the-fact analysis that examines use of 
inputs and seeks to provide information to policy-makers. in an ex post analysis, 
the researcher collects data on key parameters from primary or secondary sources. 
the probability of success, adoption rates and information about production perfor-
mance are known, elicited from experts, or can be estimated from different sources.

one critical issue of ex post (and to a certain degree ex ante) analysis is mak-
ing the appropriate comparison between the scenarios that depict conditions ‘with’ 
and ‘without’ the innovation (the counterfactual). agronomic and other life sci-
ences experiments customarily deal with the counterfactual by comparing a group 
of individuals (plants, persons) that received the proposed treatment (a treatment 
group) with a group that did not (a control group). in the case of quasi-experimental, 
economic impact studies conducted among farmers, it is not feasible to identify the 
control group. We observe those farmers who received a treatment (adopted a tech-
nology) after they adopted, and those who did not, but we cannot observe adopters 
had they not adopted. adopters and non-adopters are likely to differ in important 
ways. similarly, the researcher cannot observe the prices and quantities that would 
have prevailed had technical change not occurred. the next best solution is to use 
information available for the conventional (older) technology. the researcher esti-
mates ‘without-innovation’ prices and quantities using formulas derived from the 
system of supply and demand equations.

We group analytical approaches into three distinct sub-categories, according to 
their objectives: (1) cost/benefit analysis, (2) partial and general equilibrium analy-
sis, and (3) regulatory impact assessment.
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4.2.1  Cost/Benefit and Net Present Value Methods

the purpose of cost/Benefit analysis (cBa) is to evaluate the consequences of 
decisions using consistent procedures. often the literature distinguishes two types 
of cBa. the financial approach considers only cash costs and benefits, and is typi-
cally used by private firms and individuals. the decision rule is simply that a project 
is undertaken as long as benefits exceed costs. this decision rule is equivalent to 
positing that net benefits are greater than or equal to zero. the second, or economic 
approach, adds the cost of alternatives (opportunity cost) and external influences on 
society. alternative costs are customarily valued using ‘shadow prices’, which in-
clude all the cost incurred by society in order to supply a good in a specific market.

to reflect the time value of money, researchers discount the flow of future net 
benefits using the appropriate discount factor or interest rate. discounting is a way 
to estimate the present value of benefits and costs realized during the course of 
adoption and use of a technology. the process of discounting assumes that money 
spent today is more valuable than money spent in the future because today’s money 
can be invested, generating income until it is spent in the future. in addition, dis-
counting assumes that most people prefer to consume now rather than later.

the net present value (NPV) is the sum of the discounted stream of annual net 
benefits. all costs necessary to bring the project into existence are considered. an 
alternative measurement is the internal rate of return (irr), which is simply the rate 
of interest which, when applied to discount the stream of net benefits, equates the 
NPV to zero. the analyst compares the irr to an existing benchmark rate of inter-
est, usually the prevailing bank-lending rate. if the irr is greater than the bench-
mark rate of return, the project is accepted.

4.2.2  Partial and General Equilibrium Analysis

Partial and general equilibrium analysis—including economic surplus approach-
es—seeks to estimate net additional benefits to the economy due to the adoption 
of an innovation. the economic surplus methodology is based on the principle that 
supply and demand for a particular good reaches an equilibrium point. equilibrium 
represents the combination of prices and quantities at which the quantity demanded 
by individuals exactly equals the amount supplied by producers. changes in the 
equilibrium quantity and price occur because of external shocks to the system of 
supply and demand functions (e.g. introduction of a biotechnology innovation). in 
particular, a technology innovation may cause a per-unit cost reduction (increase) or 
equivalently, more (less) output produced with the same amount of inputs.

economic surplus is composed of consumer and producer surplus, both mea-
sured as changes with respect to a counterfactual. change in consumer surplus 
arises when adoption of the technology causes a shift in supply and a decrease in 
product price, and is calculated by multiplying the price change by the quantity of 
the good consumed. change in producer surplus results from the increase in benefits 
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associated with increased output or decreased cost of production. Benefits to society 
are estimated as the sum of producer, consumer and innovator surplus and changes 
in deadweight losses. Figure 4.1 shows changes in producer and consumer surplus 
and deadweight losses due to a change in demand or supply.

this is a well-established methodology in economics literature and has been shown 
to provide valuable contributions to impact assessment efforts. When there are other 
impacts beyond the sector, researchers can use multi-market approaches. impacts may 
be ‘horizontal’ in the sense that the adoption affects two or more commodity markets, 
or ‘vertical’, meaning that effects are transmitted among output and input markets.

researchers initiate the estimation procedure of economic surplus by deciding on 
the type of model to use. a decision on the model type will also include decisions 
about the type of functions (linear vs curvilinear) and the type of supply or demand 
shift (parallel or pivotal). if there is a need to have preliminary estimations, proce-
dures using a parallel shift and linear functions are handy. at this point, researchers 
must also consider whether there is data that is sufficient and of strong-enough qual-
ity for an econometric analysis.

impact assessment practitioners choose from among several techniques to esti-
mate economic surplus. the main advantage of econometric techniques is that these 
enable the researcher to test hypotheses about the parameters in the model with sta-
tistics. the mathematical programming method obviates the need for extensive data, 
but requires extensive knowledge about the processes and production characteristics 
of the innovation and has the disadvantage that it is hard to judge the robustness of 
the model.

Fig� 4�1  Producer and consumer surplus changes due to supply shift. Notes: (1) consumer surplus 
is the area below the demand curve and above the price. Producer surplus is the area above the sup-
ply curve and below the price. (2) Prior to the shift in supply from S0 to S1, producer surplus was 
areas B + E. after the supply shift, producer surplus is area E + F + G. change in producer surplus 
is thus F + G − B. consumer surplus before the shift was A. after the supply shift it is A + B + C + D. 
change in consumer surplus is B + C + D
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the quasi-rent approach provides an expedient and simple means to measure eco-
nomic surplus. However, it is significantly close to economic surplus only when the 
change in supply or demand is small, and the elasticity of supply is unitary. if the 
innovation under study departs from these narrow assumptions, quasi-rents and eco-
nomic surplus will diverge. equilibrium displacement models have a stronger theo-
retical basis, are relatively expedient to use and also enable the researcher to explore 
a range of policy questions. Minimal data is required and this is provided from the 
existing literature. However, because equilibrium displacement models are based on 
linear functions and parallel shifts, they may not be suitable for all problems encoun-
tered by practitioners.

general equilibrium analysis (gea) is a technique used when the technology 
under study affects a large number of sectors in the economy, directly or indirectly. 
gea is grounded on the principle that structural equations describe not only the 
stock of resources but also resource flows, processes and linkages among them. the 
impact of regulation can therefore be estimated by formulating the appropriate ex-
pected effects relative to the baseline model. input/output models, linear program-
ming models and computable general equilibrium models are gea tools. For more 
details on partial and general equilibrium analysis, the reader is directed to chap. 
15 (Market access and trade).

4.2.3  Regulatory Impacts Assessment

regulation can introduce costs and benefits that affect producers and society as a 
whole. examples of studies in which these are measured, and the tools to measure 
them, are few. if the cBa (described above in general terms) is oriented towards 
estimating the regulation’s impact on the private sector, or a representative firm, it is 
also known as a business impact methodology. if the cBa is based on examination 
of estimated or true budgets, then it is known as a budgetary analysis. cost effec-
tiveness (ce) is a special case of cBa which can be used when benefits of a regula-
tion cannot be easily estimated and when the regulatory policy sets specific target 
objectives. the ce of a regulatory policy is estimated by dividing the regulation’s 
annual costs by the physical units described by the regulatory objective. For ex-
ample, if the explicit objective of a biosafety regulation is to reach a pre-determined 
level of safety, then the cost of implementing the regulation is determined for this 
level of safety. the ce method does not identify an optimal regulatory level but can 
be used to compare alternative regulatory policy options. additionally, ce does not 
preclude the selection of regulatory policy options exclusively on the basis of hav-
ing ‘the least-cost’ option.1

direct compliance cost (dcc) is the simplest means of assessing regulatory im-
pacts. dcc equates the social cost of implementing a regulation to the sum of all 

1 this method is also used in the food security and medical literature where it may be inappropriate 
to quantify the value of human life. typically, the ce method is the ratio of outcome (life saved, 
years of life saved) to the cost of achieving the outcome. Most common ce method is the Quality 
life adjusted years (Qalys).

1
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analytical procedures necessary to meet the regulation by a representative institu-
tion or private firms. in the case of private firms, dcc tends to overestimate the 
true value of the social cost of regulation because it ignores possible substitutions 
or changes in the production system. Moreover, analysts using dcc do not take 
into consideration the changes in capital or labour investments by private firms that 
result from implementing a biosafety regulation. this approach may approximate 
true social costs when expected changes in prices and quantities are small and there 
are few indirect effects.

4�3  Critical Assessment

Most practitioners agree that socio-economic impact assessment is not an end in 
itself but rather a way to identify and choose among innovation alternatives. impact 
assessment can empower scientists and policy-makers by providing them with es-
timates of the potential costs and benefits associated with innovations, and in some 
cases, pinpointing ways to enhance overall benefits and reduce social costs.

However, these estimates should be considered with caution because they are by 
nature, speculative. even in ex post analysis, some parameters and variables will be 
subject to some bias and measurement error, although not all error is systematic and 
bias may not alter qualitative findings (e.g. the relative rank of innovation options). 
in most cases, care should be taken in extrapolating or generalizing from one study 
context to another.

4.3.1  Cost/Benefit and Net Present Value Methods

cost/Benefit and partial budget approaches are deceptively simple. in fact, con-
siderable care must be used in applying them. For example, because of the costs 
of survey implementation, most early studies conducted in developing countries 
reported only gross margins. as compared to net margins, gross margins include 
the costs of intermediate inputs but exclude costs of labour and land. this was a 
shortcoming given that some crop-trait combinations, such as herbicide tolerance, 
are specifically designed to influence labour costs.

Partial budgets treat only one farm activity at a time. even where farmers are 
fully commercialized, the net impact of adoption on whole-farm production and 
resource use cannot be deduced from a partial budget. cross-activity impacts have 
rarely been systematically investigated in studies of gM crops, particularly in de-
veloping countries.

Partial budgets are also of limited utility in situations with missing or imperfect 
markets, such as in the case of subsistence food crops in many developing econo-
mies. in those cases, the effective prices that influence farmer decision-making de-
pend on the characteristics of individual households and their access to markets, 
ranging between the consumer and producer price for the food crop. this can be 
addressed by employing sensitivity analysis based on the price range between the 
consumer and producer price.
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Finally, risk and uncertainty have been considered explicitly in only a few of 
these studies. stochastic analysis, Monte carlo simulations and real option models 
can be utilized to introduce risk and uncertainty into cBa and partial budget analy-
sis. given the consistent evidence of outcome variability in the literature, examin-
ing the statistical distributions of impact variables (yields, costs, profits), in addition 
to average impacts, seems fundamental for future work.

4.3.2  Partial and General Equilibrium Analysis

The assumptions behind the partial and general equilibrium—including economic 
surplus approaches—most closely depict an industry with commercially oriented 
farmers who buy and sell in well-organized markets and grow their crops under 
relatively homogeneous conditions. this depiction is quite useful for portraying 
farmers in developed economies but unrealistic for most farmers in developing 
economies, and particularly those who produce staple food crops.

the quality of the underlying data is crucial for results validity. generally, reli-
able cross-sectional, time-series data to support sector analyses of gM crops are not 
yet available in developing economies. at present, such data are probably too costly 
to assemble, maintain and disseminate publicly given the information infrastructure 
found in most of these countries.

one way researchers have compensated for the lack of large cross-sectional, 
time-series data has been to expand existing data from both primary and secondary 
sources using stochastic simulations and real option models, as mentioned above. 
these tools assume special significance when technologies are developed by farm-
ers in heterogeneous production environments for uncertain markets, where loca-
tion and year-specific effects on productivity can generate large coefficients of 
variation in model parameters, including farm profits, adoption rates and prices. 
if the number of input suppliers is small or markets must be segregated, risk and 
uncertainty in the market channel may be somewhat higher in the case of gM crops 
relative to other new crop varieties.

as the most used method to date is the economic surplus approach, additional 
information about the most common specific methods used under this approach is 
provided in table 4.1. this table is useful when choosing between different options. 
For a more complete discussion of the different economic surplus methods, see 
alston et al. (1995) and alston and Pardey (2001).

the evaluation criteria to choose the appropriate methodology are expediency, 
available resources, data availability and quality, and the type of research or policy 
question to be answered. For example, the quasi-rent, standard surplus models and 
the equilibrium displacement models (eMds) are very expedient, with little data re-
quired, and require relatively few resources to implement. However, the quasi-rent 
approach can only be thought of as a first approximation to check results from other 
economic surplus models. the eMds can model policy implications readily; how-
ever, they require the researcher to have advanced knowledge of economic concepts 
and methods, as well as extensive knowledge of the policy implications in hand.
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4.3.3  Regulatory Impact Assessment

studies about the impacts of regulations on research and development (r&d) and 
innovation in developed and developing economies have become more frequent. 
given the salience of issues related to regulatory impact assessment issues such as 
supply channel performance, and industrial organization in the development and 
diffusion of gM crops, quantitative analyses of these issues are particularly needed. 
in addition, policy issues such as effects on health and the environment have not 
been adequately addressed. one explanation for the rarity of such studies is that 
these topics may be less amenable to analysis with conventional, applied research 
methods. Health and environmental analyses typically require interdisciplinary re-
search design and analysis.

4.3.4  Overarching Issues

4�3�4�1  Developing Economies

generally speaking, applied researchers must adapt their tools to the empirical con-
text in which they conduct their analysis. this is also true when analyzing the im-
pact of technology adoption on farmers in developing economies. as described in 

Table 4�1  advantages and disadvantages of economic surplus estimation approaches
estimation approach advantages disadvantages
standard models Very little data required

simple models
Most data found in the literature

May be inflexible
linear models may not be 

appropriate for some produc-
tion processes

econometric ability to test statistically 
hypotheses about parameters
Possibility of addressing some 
data problems

large amount of good quality 
data required

equilibrium 
displacement Models 
(edM)

ability to model explicit 
economic and policy
 considerations
Very little data required
data available in the literature

linear models may not be 
appropriate for some produc-
tion processes

linear programming Very little data required extensive production (engineer-
ing) knowledge required

in most cases unable to statisti-
cally test hypotheses about 
parameters

Quasi-rent approaches expedient
relatively little data required

converges to standard models 
of economic surplus only 
when cost or yield changes 
are small and when the elas-
ticity of supply is unitary
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tripp (2000), such farmers typically work on small landholdings, and depend on a 
few key commodities, livestock or aquatic resources for food consumption and sale. 
Many of these are remote areas, where farmers have poor access to many goods and 
services, and particularly, modern farm inputs and related information. smallholder 
farmers are often cash constrained unless they are linked to markets through farm 
credit or producer associations.

4�3�4�2  Data Problems

data are the most critical ingredient in the above assessments. However, historical 
data series of prices and quantities supplied and demanded are often not available in 
developing economies. this limits the possibility of time-series econometric analy-
sis. differences in data collection procedures and definitions also limit the possibil-
ity of cross-national and regional comparisons. survey data collected through in-
terviews with farmers in developing countries, discussions related to various types 
of bias and ways to address them can be found in studies assembled by smale and 
Falck-Zepeda (2012).

4�4  International Arena

the international experience with inclusion of socio-economic issues of benefits to 
producers and society in biosafety decision-making is relatively weak. argentina 
(a non-party to the cartagena Protocol on Biosafety) has a mandatory process that 
assesses economic consequence on exports and producer competitiveness. Brazil 
and Mexico allow the environmental and food/feed risk assessment to proceed. if 
any socio-economic issue is raised, a third party is then commissioned with a study. 
india and china do not have a formal requirement in their legislation/policy, but 
both have conducted socio-economic studies considering benefits to producers or 
society with different degrees of impact.

4�5  Administrative Consequences

society can gain knowledge and information of technology impacts on producers and 
society. inclusion of socio-economic considerations (secs) focused on producers 
and society, especially as a result of thorough assessment studies, can help identify 
valuable technologies and discard those which are unacceptable for society. assess-
ment studies can help stakeholders take advantage of the benefits from such technol-
ogies by identifying limiting issues relevant to technology deployment and adoption. 
Furthermore, society can learn much about the multiple feedbacks and links between 
technology, science, r&d and the users’ context in an innovation setting.
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inclusion of studies examining benefits to producers and society can increase 
regulatory costs of compliance with biosafety and/or technology approval regula-
tions. conducting socio-economic assessments will unequivocally increase imple-
mentation costs. in fact, the more complex and broader the portfolio of issues in 
an assessment, the more expensive a specific study will be to any developer and to 
government itself as it leads to a more complex regulatory process. an economic 
study examining impacts on biodiversity and long-term sociological and anthropo-
logical issues on producers will be far more complex (and expensive) to implement 
than one focused on a very specific topic (e.g. impact of exports/trade or impact on 
small-scale producers).

the likelihood of asymmetric impact on public sector r&d and public goods 
also increases. this scenario is particularly crucial to the public sector in developing 
countries that are likely to develop technologies of a public good nature. in fact, the 
introduction of additional regulatory hurdles can impact national and international 
public investments in r&d, which in turn may impact technology flows by causing 
a reduction in the number of potential technologies available to producers and soci-
ety. this may be a result of additional regulatory complexity, cost implications and/
or uncertainty. Bayer et al. (2010) have shown delays can have a significant impact 
on the net benefits from the potential adoption of gM crops in the Philippines. this 
research illustrated that even small delays of three years compared to the baseline 
can significantly decrease net benefits to producers. increases in cost of compliance 
had a very small effect on net benefits. inclusion of socio-economic studies will 
increase the cost of compliance and if not done in a careful manner and in close co-
ordination with other assessments processes, they may increase the amount of time 
necessary to complete a biosafety regulatory assessment process.

Perhaps a more important impact of the inclusion of socio-economics into deci-
sion-making is the introduction of additional uncertainty into the process. a work-
able regulatory system can be defined as one where all elements of society are 
able to define, describe and trust the process and its outcome. society actors can 
thus judge the system based on transparency, participation ability, predictability 
and robustness and cost and time efficiency. For example, developers (public or 
private sector) with predictable regulatory systems can attach a value on outcome 
by projecting potential gains by producers and consumers, and add the respective 
probabilities of success into their decision-making process. if developers cannot at-
tach such probabilities due to an unpredictable or uncertain process and thus cannot 
attach success probabilities and calculate potential benefits, the likelihood is that 
they will not make investments in such jurisdiction.

4�6  Summary/Synthesis

• Sound estimates of the benefits and costs of innovations to producers, consum-
ers and society as a whole are important because this information can be used by 
decision-makers to improve innovation systems.
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• There is an array of approaches used by applied economists to estimate these 
costs and benefits; no approach is superior, each method has advantages and dis-
advantages, and the choice of approach depends on the nature of the innovation, 
the empirical context of the study, its feasibility, data requirements, the research 
budget, parameter uncertainty and relevance to the socio-economic context.

• A number of issues related to sampling, measurement and parameter variability 
should be carefully addressed by practitioners.

• Limitations and the applicability of methods are particularly acute when exam-
ining costs and benefits in developing agricultural economies. approaches have 
been recommended in the literature.

• While there is no ‘best’ practice, applied researchers should attempt to follow 
good practice. Practitioners are encouraged to describe the challenges met during 
study implementation if these may affect study outcomes, and report how they 
were addressed.
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