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Trading off Use Restrictions and Benefit-Sharing for Genetic Materials for Food
and Agriculture with an Emphasis on Upfront Payments

Abstract

This study investigates the tradeoffs that providers of genetic resources make between constructing a
benefits arrangement and establishing use restrictions. The analysis makes use of project level data
collected from university and government researchers in the US. Results show that when transfers
require upfront payments recipients are not expected to contribute long-term monetary or non-
monetary benefits, and nor are there restrictions on the transferred material. When providers seek
information from project results they tend not to request upfront payments for providing genetic
materials. Researchers tend to acquire genetic material at cost plus an additional fee when it comes
from foreign counties and companies. The paper concludes by highlighting the roles that upfront
payments and reduced restriction can play to improve exchange and utilization of genetic materials
for public research.

Keywords: Upfront payment, benefit sharing, genetic resource, material exchange, use restriction

1. Introduction

The Nagoya Protocol (NP) to the Convention on Biological Diversity (CBD) and the International
Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA) are international
agreements committed to facilitating access to and fair and equitable benefit sharing for the
utilization of genetic resources. These agreements and other international regulations establishing
intellectual property rights over genetic materials® have begun to shift actors’ perceptions about
genetic resources away from the “common heritage of mankind” conceptualization toward a
sovereign national property or private property conceptualization where genetic resources are
increasingly considered to be a potential source of economic benefits. Indeed, the modes of
exchanging genetic materials have also begun to evolve from informal social exchange to more
formal economic or spot market transactions.

Scholars have argued that the introduction of multiple regulatory instruments have made access to
genetic materials worldwide more formal and in some case restricted (ten KATE, 2002; JOHNSON
etal., 2003, BRETTING, 2007, PHILLIPS and RYAN, 2010; NIJAR, 2011). Providers’ efforts to
secure economic benefits for exchange have made bilateral contractual agreements more complex
and have raised transaction costs (VISSER, 2000, EATON and VISSER, 2007; NIJAR, 2011). Prior
studies have noted that restrictive contractual agreements may reduce exchange of genetic materials,
which in turn may leads to its underutilization and lower remunerations to providers, particularly for
international exchange (EATON and VISSER, 2007; MULLER, 2006). However, empirical analysis
on the relationships among the various forms of monetary and non-monetary benefits and their
association with restrictions on use of genetic materials has received little attention. Understanding
about current benefit sharing arrangements within the scientific community is a critical first step for

! Convention of the International Union for the Protection of New Varieties of Plants (UPOV) and the Agreement on
Trade Related Intellectual Property Rights (TRIPS) provide plant variety protection (van Overwalle, 2005).
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identifying appropriate combinations of benefit sharing and regulatory arrangements that improve
efficient exchange of genetic material for public sector research.

In this paper we explain the tradeoffs between various benefit sharing and benefit provision
arrangements and levels of restrictions involving in bilateral exchange of genetic material. We
conduct an empirical test of our resulting model based on data collected from agricultural
researchers working in universities and government in the US. Specifically, the paper addresses the
following questions: 1) What are the patterns of association between upfront payment and long-term
monetary and non-monetary benefits that arise from utilization of genetic material? 2) How are
levels of upfront payment associated with restrictions on use imposed through mutually agreed
terms? 3) How, if at all, does the upfront payment level differ by source or type of genetic materials
exchanged? 2

The next section discusses how benefit arrangements and contractual agreements could be affected
by providers’ time preferences when exchanging genetic material. Intertemporal choice and
transaction cost approaches provide a foundation for our arguments. Section 3 explains data sources,
data collection procedures and methods of analysis. Section 4 presents findings of the study, which
among others show that upfront payments for genetic materials tend not to involve long term
monetary and non-monetary benefits, and are less likely to impose use restrictions on recipients.
Additionally, providers who desire information from project results tend to require no upfront charge
for the transfer genetic materials. Finally, the paper concludes by emphasizing the need to promote
an approach that couples upfront payments and unrestricted use under certain conditions to improve
efficiency of exchange of genetic materials for research.

2. Theoretical framework

Willingness to transfer genetic materials and the conditions under which they are transferred depend
at least partially upon on the anticipated economic benefits (PORZECANSKI et al., 1999;
CORREA, 2005). From an economic perspective, terms of exchange reflect the time period,
magnitude, and uncertainties that parties attach to the benefits and costs of transaction
(WILLIAMSON, 1979; MOLM, 2003; SHORE et al., 2006). For instance, a provider might trade off
potential future benefits from research against the more certain immediate benefit of an upfront
payment. We examine this type of tradeoff using the intertemoporal choice framework from
behavioral economics (PEZZEY, 1997; SHELLEY, 1993; LOEWENSTEIN and PRELEC, 1992).
Likewise, a recipient who wishes to obtain a specific genetic material with a desired trait, will seek
to minimize transaction costs. The transaction costs from the exchange of genetic resources that are
borne by the recipient tend to increase with the level of restrictions included in contractual
agreements (STREITZ and BENNETT, 2003; EATON and VISSER, 2007). Transaction cost theory
(NORTH, 1992; WILLIAMSON, 1979) is used to hypothesize the association between upfront
payments and restrictive contracts.

2.1. Time preference and expected benefits

The intertemporal choice framework explains how actors establish preferences for any decision
involving tradeoffs among outcomes that occur at different times (READ, 2003; FREDERICKET et
al., 2002). The framework can be traced back to John Rae’s 1834 work on the psychological motives
underlying savings or investment accumulation. The perspective was further developed by von

2 This paper addresses exchange within a bilateral system, non-plant genetic resources for food and agriculture, not
within a multilateral system that is the hallmark of the ITPGRFA.
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Bohm-Bawerk and Fisher to understand allocation of production resources and consumer goods over
time. Paul Samuelson then developed the current, simplified intertemporal choice framework called
the discounted utility model, in which discount rate is used to account for the psychological and
economic aspects of time preference (FREDERICKET et al., 2002). A growing body of literature
that addresses time preferences (e.g. LOEWENSTEIN and PRELEC, 1992; HARRIS and
LAIBSON, 2001) and has been applied widely to study sustainability (PEZZEY, 1997), natural
resources conservation (HOLDEN et al., 1998) and climate change policies (FEARNSIDE, 2002).

Introduction of various international regulatory instruments has created uncertainty about the
potential obligations and responsibilities associated with the exchange of genetic resources,
including those related to benefit sharing (EATON and VISSER, 2007). Providers increasingly
consider the time period, magnitude, and level of uncertainty attached to the accrual of benefits
when evaluating genetic materials provision decisions. According to FREDERICKET and co-
authors (2002), time preference refers to situations where actors demonstrate preferences for
immediate over future utility when considering factors such as magnitude of benefit, risk and
uncertainty, and changing tastes. For example, a magnitude effect leads actors to discount smaller
anticipated benefits at higher rate than larger ones (SHELLEY, 1993; FREDERICK et al. 2002);
actors prefer to receive smaller rewards sooner than larger rewards later. This is known as hyperbolic
discounting (READ, 2003). On the contrary, if expected future benefits are considerably large, then
an actor may prefer future over immediate benefits. Moreover, actors tend to attach probabilities to
expected benefits to account for uncertainty in their time preference decision (LEVY, 1997).
Probability simply refers to the degree of confidence an actor has in the accrual of the particular
benefit. Actors commonly tend to be less motivated by benefits that accrue later than by those that
accrue sooner because of loss aversion (LOEWENSTEIN and PRELEC, 1992).

Based on the time preference framework, providers of genetic resources will seek either upfront
payments of smaller magnitude than future expected returns, or more restrictive contractual
agreements as a loss aversion strategy. Prior case studies provide some evidence of the presence of
time preference in the context of access and benefit sharing for genetic resources. For example, a
national level study by PORZECANSKI and co-authors (1999) found that provider willingness to
exchange genetic resources depends on expectations about short-run non-monetary benefits related
to capacity development. Others have found that for international exchange of genetic materials,
actors are uncertain that future benefits would accrue (EATON and VISSER, 2007; SUNEETHA
and PISUPATI, 2009). Limited ability to effectively monitor the use of genetic resources and
enforce fair benefit sharing (MULLER, 2006) may increase uncertainty about long-term benefits and
leads to time discounting and preference for upfront payment in bilateral international exchange.

On the other hand, the level of uncertainty may lead to complex contractual agreements and higher
transaction costs (WILLIAMSON, 1979). Specifically, transaction costs brought about by
uncertainties related to exchange framework may discourage potential recipients from seeking
genetic resources from international (compared to domestic) providers (EATON and VISSER, 2007)
or may trigger upfront payments which likely have significantly lower transaction costs than more
complex arrangements that try to capture long-term benefits. In the next section we discuss the
implications of such contractual agreements in more detail.

In summary, due to time preference and uncertainty involving in exchange of genetic materials it is
likely that providers of genetic materials seek short-term benefits such as upfront payment over
anticipated future benefits or detailed restrictions in contractual agreements. Therefore, we expect
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that 1) upfront payments will be negatively related to anticipated non-monetary benefits and long-
term monetary benefits; 2) upfront payments will be positively associated with the international
exchange of genetic materials.

2.2 Use restriction and expected benefits

As noted in the preceding section, providers who expect long-term benefits may seek detailed and
restrictive contractual agreement to minimize uncertainty or risks of default associated with benefit
sharing (WILLIAMSON, 1979). This neoclassical contract approach depicts a complex contract that
considers future contingencies, including dispute resolution mechanisms. As the complexity of
contractual agreement increases, transaction costs to actors will also increase. Transaction costs
include financial and non-monetary costs related to negotiation and renegotiation, communication
and administrative activities, monitoring and enforcement of agreements, as well as transfer of
compensation or benefit sharing. For genetic resource exchange, fortunately or unfortunately, most
of these transaction costs are borne by recipients (EATON and VISSER, 2007).

For researchers, anticipated benefits from acquired genetic materials include value for research, and
potential for publication and innovation, all of which depend on the level of restrictions involved in
acquisition, the type of genetic resources, and information that accompany the materials. Restrictions
on the exchange of research material have been growing within scientific communities as has the use
of material transfer agreements. STREITZ and BENNETT (2003) state that the increasing
complexity and fragmentation of ownership of research tools and materials are impeding the
implementation of multifaceted science projects, particularly those with industry partners.

Regulation induced high transaction costs, and contractual restriction on use can limit recipients’
willingness to engage in formal exchange of genetic materials. Restrictions in material transfer
agreements (MTAS) on publishing to protect confidential information or to preserve patentability of
inventions may discourage scientists from engaging in research with certain materials (STREITZ
and BENNETT, 2003). Currently, there is relatively low use of material transfer agreements among
scientific community in the US (WELCH et al., 2013). Expanding the use of MTAs may require new
incentives, rules, or voluntary programs. Others noted that high transaction costs and contractual
restrictions may function as disincentives for use of genetic materials (e.g. EATON and VISSER,
2007; NIJAR, 2011), while regulatory, administrative and other factors create uncertainties around
accrual of long-term benefits and reduce incentives for provision of genetic resources.

O’CONNOR (2006) suggests the possibility that providers may obtain higher benefits from upfront
payments if they sell genetic materials rather than lease them under some form of agreement.
Upfront payments may be preferred unless providers are able to generate continuous returns through
ownership or eliminate the risk that a third party could obtain and distribute the material. It seems
that the upfront-payment-no-restriction system may improve the access and use of genetic materials
by scientific communities to the benefit of society. At least in part, policies might begin to consider
mechanisms for reducing transaction costs to researchers while simultaneous enabling providers to
realize higher upfront payments.

A system of upfront payment with no restriction has already been established; many researchers pay
nominal fees to obtain materials. This system may be particularly evident in international exchange
where providers realize that they have limited control over use of genetic materials once the
materials leave their national boundary. It also appears reasonable from the perspective of bounded



rationality that actors would have difficulty accounting for all the contingencies in long term
contractual agreements (WILLIAMSON, 1979).

In sum, as argued we expect: 3) upfront payments will be positively associated with private sources;
4) upfront payments will be positively associated with no restrictions on genetic materials.

3. Data source and methods of analysis

The data for this study were collected using an online survey of agriculture scientists working in
government agencies and universities in the United States. The sample frame includes the population
of active scientists who use one of eight different species of non-plant genetic resources categorized
within four subsectors of agriculture: livestock, microbes, aquatics and insects. University scientists
included in the frame were either employed in Carnegie designated research intensive and research
extensive universities in the US or in a handful of other US veterinary schools under different
designation. Government researchers were employed in USDA Agricultural Research Services
(ARS). In all, 201 universities and 262 subunits of Agricultural Research Services are represented in
the frame. Contact information of authors and coauthors was verified through detailed searches of
employer institution websites. The survey was administered to final sample of 1058 individuals from
November 5, 2010 to February 7, 2011. A total of 411 responses were received giving a final
response rate of 38.8 percent.

The survey design included questions at the individual and project levels. Individual level questions
asked about the respondent’s behavior, experiences, perceptions and demographics. The project
level questions were designed in a two-step format in which the respondent first reported the
research projects on which they were actively using the organism before answering specific
questions related to each of the named projects. A total of 270 researchers named 684 research
projects. The project specific questions focused on the domestic and international exchange behavior
of active scientists as well as on the social, economic and institutional dimensions of the exchange
environment. Project-level survey questions specifically asked respondents about recent acquisition
and provision of genetic materials, use of agreements and restrictions that accompany the materials,
sources of the material and purposes of the research.

The dependent variable for this study is based on a survey question that asks respondents whether
they received the material for each project for free, at cost, or cost plus an additional fee (free=1, at
cost=2; cost plus = 3). This variable is called upfront payment. There are four categories of key
explanatory variables: long-term benefits, use restriction, and foreign source. Long-term benefits
may be either monetary or non-monetary. Four long-term non-monetary benefits that the receiver is
expected to provide were captured in the survey: anticipated storage services for genetic materials,
anticipated provision of research and technical services, anticipated provision of information about
project results, and anticipated provision education and training service. Each of these measures is a
dummy variable where 1 indicates anticipated receipt of the benefit to the provider and 0 indicates
no expectation. Long-term monetary benefits comprises one question asking how frequently the
recipient shares financial returns from commercial applications with the provider of genetic
resources (1=never, 2=sometimes, 3=always). The second category of key variables is captured by a
question asking whether there were restrictions on the use of the transferred genetic material. It is
measured using a dummy variable coded 1 for no use restrictions and 0 for restrictions. The last two
key variables capture whether or not the material comes from a foreign source (1=yes) and from a
private company source (1=yes).



Other control variables are used in the regression estimations. These include dummy variables for
the four types of organisms (1=yes), whether or not the aim of the research is ‘basic research’
(1=yes), whether the source of the material is the same type of institution — either both university or
both government (1=yes) and how actively the respondent provides genetic resources to others (1=
does not send, 2=send to US, 3= send to foreign countries, 4= send to US and foreign countries).
Additionally, the model includes the recipients’ socio-economic and demographic characteristics
including age (years), gender (1=female), race (1=white), job tenure (years) and whether or not the
respondent is a member in a professional association that addresses access, exchange and use of
genetic resources (1=yes).

This study uses both descriptive statistics and ordered logit model to investigate the association
between upfront payments, use restrictions, long-term benefits of material exchange and foreign
source. Given that the dependent variable is an ordinal variable — no cost, at cost, cost-plus — ordered
logistic regression was used to estimate the model and compute odds ratios (long, 1997). The
ordered logistic regression model is specified as: y; = x;8 + ¢; , where y;" refers to the latent
variable of the model, x; is the explanatory variable and 3 is a vector for parameters to be estimated,

g; is the disturbance term while i is the observation, 7 is the threshold parameter and j is the ordinal
category. The latent variable for the ordinal response variable y; is givenas y; = j if 7;_; <y/ <

7;, Where the observed variable y; refers to the level of upfront payment for access to genetic

material. Ordered logistic regression outcome probabilities are given as Pr(y; = j) = Pr(tj_; <
xf < 7;), where regression and threshold parameters of the model are estimated using maximum log
likelihood Pr(y; = j). The sign of parameters, £, indicate whether the latent variable, y*, is
positively or negatively associated with the explanatory variable.

4. Findings

4.1 Descriptive findings for upfront payments, types of genetic materials and use

Prior research suggests that because the magnitude of expected benefits depends on expected
commercial viability (GHOSE, 2003), the level of upfront payment for genetic materials could vary
by type of organism. Table 1 shows that most of genetic materials are exchanged without any
upfront monetary payment, regardless the type of organism. Most genetic materials are provided free
or at cost. These high percentages of free exchange of genetic material could be attributed to the
important role that social norms of exchange have in the sciences for low cost exchange of genetic
resources.

Table 1. Upfront payment by category of organism (Percent)

Levels of unfront pavment Microbial Cattle Aquatics Insects

piront pay (N=345) (N=118) (N=133) (N=88)
No charge 91.6 66.9 51.1 67.0
At cost 6.1 29.7 41.4 26.1
Cost plus fee 2.3 3.4 75 6.8
Chi-square 104.46***

Note: ***p <0.01.



Nevertheless there are some differences in percentage of materials transferred at each level of
upfront payments across organism categories and that these differences are statistically significant.
For example, while 91.6% of the microbial genetic resources are provided free of change, only half
(51.1%) of aquatic genetic resources are given away. And although only 2.3% and 3.4% of
microbial and cattle genetic resources transactions require cost-pus payments, transactions for
aquatics and insects require nearly twice that percentage.

Providers’ willingness to contribute genetic material and recipients’ provision of benefits, including
upfront payment, is likely to differ depending upon the anticipated use. When materials are used for
basic research, there is a lower likelihood that they will be incorporated into new innovation or
saleable products, than if the purpose of the research is applied or for product or process
development. Table 2, which differentiates the level of upfront payment by anticipated use of genetic
resources, provides only partial support for these expectations. While there is a statistically
significant difference for product development where there are more cost (19%) or cost-plus (9.5%)
transactions, most resources are provided free of charge, regardless the anticipated use.

This could have several different explanations. For example, it is possible that when materials are
requested there is either little disclosure about (or interest in) anticipated use or there are few
concerns about the aim of the underlying research (particularly for government or university
science). Alternatively, there may be a broad perception that genetic material has little specific value
for the provider without significant effort on the part of the receiver. Or, that the material is widely
available and if one source does not provide it, another will. Finally, it is possible that other types of
benefits are more important than monetary benefits. Providers may believe that new information
and knowledge from research are key benefits from research. Finally, since universities and
government agencies have limited monetary resources available to purchase genetic resources,
longer-term non-monetary benefits may represent more feasible returns for exchange.

Table 2. Upfront payment level by type of anticipated use (percent)

Basic Applied Technical Product Process
Upfront Payment Level research research research” development development
(N=396) (N=408) (N=94) (N=84) (N=50)
No charge 76.8 76.0 79.8 714 66.0
At cost 19.9 19.6 19.1 19.0 26.0
Cost plus fee 3.3 4.4 1.1 9.5 8.0
Chi square 1.59 0.67 2.62 7.12** 3.89

Note: ** p < 0.05; “Analytical or extension services

4.2 Upfront payment levels by type of restriction

As noted above, formal mechanisms that increase the transaction costs of exchange may limit
researcher access to and use of genetic resources and thereby reduce the benefits that could be
realized. Material transfer agreements (MTA) are common means by which genetic resource
transfers and their conditions are formally documented (GHOSE, 2003). The provisions of the
agreements determine the level of restrictions on the use and subsequent transfer of the material to
third parties. However, MTAs are not always, or even often, used as part of an exchange and when
they are used, the restrictions vary significantly. For example, some MTAs identify no restrictions,
while others include use or transfer restrictions.



Table 3 presents findings from descriptive analysis of survey data for the use of MTAs and
restrictions that accompanied genetic resources obtained for projects (asked in separate questions).
Findings show a positive association between the use of material transfer agreements and restrictions
on further use of the transferred genetic materials (p < .01). Also, the level of upfront payment tends
to be positively associated with MTA use (p<.10); MTA use is weakly positively related to higher
costs of access to genetic resources (at cost or cost-plus). Additionally, upfront payments are higher
(though not significantly so) for materials received without restrictions (22.3% at cost and 4.5%
cost-plus) as compared to materials received with restrictions (16.6% at cost and 3.7% cost-plus).
Finally, scientists who report using MTAs to obtain genetic resources are significantly more likely to
report restrictions than those who do not use MTAs. These relationships will be further examined in
the regression analysis below.

Table 3. Upfront payment level, materials transfer agreements, and restriction (percent)

No MTA (n=503) MTA (n=181) Chi-square
No charge 71.7 72.4
At cost 19.1 21.0 4.616*
Cost plus fee 3.2 6.6
No use restrictions With use restrictions
(n=358) (n=326) Chi-square
No charge 73.2 79.8
At cost 22.3 16.6 4.136
Cost plus fee 4.5 3.7
No use restrictions With use restrictions
(n=358) (n=326) Chi-square
No MTA 79.3 67.2 .
MTA 20.7 32.8 12.95

Note: *** p < 0.01, * p<0.10

4.3 Tradeoffs between upfront payment and long-term benefits on genetic materials

In this section, we further examine the tradeoffs between the upfront payment level, long-term
benefits and use restrictions for the exchange of genetic resources. Table 4 presents the ordered
logistic regression model results. Statistical tests for the model show overall goodness of fit (Chi-
square < 0.000), while the threshold parameter significance (p < 0.000) implies distinct upfront
payment categories that should not be collapsed to binary outcomes. In general, findings support our
expectations that the long-term non-monetary benefits will be negatively related to upfront payment
level, although non-monetary benefits are not equivalent; provision of resulting information is
strongly significant while the other non-monetary benefits are either not significant or weakly
significant. Findings also show support for the expectation that ‘no restrictions on use’ will be
positively related to upfront payment level. Finally, foreign and company sources are more likely to
request higher upfront payments. Odds ratios indicate change in probability of a higher upfront
payment versus lower upfront payment, holding other factors constant.

4.3.1 Upfront payment and providers’ expected long-term benefits

As discussed in the introduction and outlined in the intertemporal choice model, when expected
benefits involve high uncertainty, providers may prefer upfront payment on genetic materials over
the long-term monetary or non-monetary benefits, particularly when the magnitude and accrual
period of the expected benefits are not well-defined. Long-term non-monetary benefits expected of
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recipients that are considered in this study include provision of storage services for genetic materials,
provision of research and technical services, provision of information from project results, and
provision of education and training. Long-term monetary benefits include sharing of financial
benefits from commercial application of the genetic resources.

Findings show a statistically significant negative relationship (p < 0.01) between expected provision
of information from research results and level of upfront payment, while other types of non-
monetary benefits — storage, research, and education and training services — are not significant.
Possibly, providers exchange genetic materials for future information and knowledge when they do
not otherwise possess the equipment or human capital to produce it, but need or desire a better
understanding of the genetic material. Likely, these exchange arrangements are made when the value
that providers attach to information on project results outweighs the immediate benefit of upfront
payment. The odds of obtaining genetic materials free of charge are 0.38 times higher when there is
an expectation that useful or valuable information about results will be provided. This finding
supports prior work showing that scientists collaborate as a means of accessing research inputs that
they did not have (LANDRY and AMARA, 1998).

Table 4. Estimation results

Variables Ordered logistic Stereotype logistic
Coefficient Std. Err. Odds Ratio  Coefficient  Std. Err.
Expected storage service 0.325 0.289 1.384 0.523 0.369
Expected research services -0.445* 0.263 0.640 -0.480 0.335
Expected information provision -0.962*** 0.240 0.382 -1.167*** 0.367
Expected training service 0.358 0.294 1.429 0.529 0.371
Long-term financial sharing 0.255 0.208 1.291 0.434 0.267
No restriction on genetic resource 0.465** 0.218 1.593 0.625** 0.283
Foreign source 0.591* 0.356 1.806 0.780* 0.473
Private source of genetic resource 0.904*** 0.240 2.469 1.072%** 0.328
Basic research 0.121 0.218 1.129 0.151 0.276
Same institution -0.784*** 0.240 0.457 -0.865*** 0.353
Send genetic resources abroad -0.430*** 0.142 0.650 -0.604*** 0.201
Microbial organism -1.821%** 0.363 0.162 -2.223*** 0.543
Cattle 0.020 0.351 1.021 .0479 0.438
Aquatic organism 0.456 0.324 1.579 0.652 0.409
Membership in association 0.784*** 0.242 2.191 0.972*** 0.349
Job tenure -0.016 0.016 0.984 -0.022 0.021
White -0.279 0.331 0.756 -0.676 0.422
Female 0.761*** 0.272 2.139 0.927*** 0.371
Age -0.047*** 0.017 0.954 -0.054** 0.023
/cutl -2.694 1.018
[cut2 -0.223 1.017
LR chi2(19) = 19534 48.92
Prob > chi2 = 0.000 0.000
Pseudo R2 = 0.218
Log likelihood = -351.338 -351.3024

Note: Number of observations = 684; test b[/cutl]=_b[/cut2]; chi2( 1) = 137.43, Prob > chi2 = 0.000;
* ** and *** denote statistical significance at P< 0.1, P< 0.05, and P< 0.01 probability levels, respectively.

Another way to think about the negative coefficient for provision of information services is that
upfront payments are required when the provider perceives high uncertainties about receiving
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benefits. This could be particularly true for international exchange of genetic materials when foreign
providers face higher transaction costs and uncertainties imposed by distance, national borders, lack
of familiarity about and low control over the recipient. As validation for this expectation, model
results show that the variable foreign source, which indicates whether genetic materials were
acquired from foreign countries, is positively associated (p < 0.10) with the level of upfront
payment. This shows that researcher tend to pay higher upfront payments to acquire genetic
materials from foreign as opposed to domestic suppliers. Odds ratios show that cost plus additional
fees are about 1.8 times more likely when materials are provided by other countries.

4.3.2 Upfront payment and use restrictions on genetic materials

The growing use MTAs and increasing complexity of restrictions and obligations are making
exchange of genetic materials more difficult (STREITZ and BENNETT, 2003). The increasing
transaction costs and uncertainties involved with material exchange may lead researchers to seek
genetic resources in which upfront payments are higher but restrictions on use are lower. Results
from the regression analysis seem to support this expectation.

The variable measuring no restrictions on exchange is negatively and significantly associated with
the level of upfront payment (p < 0.05). This indicates that exchanges that involve higher upfront
payments are more likely to have no restriction on use. The odds of exchanging at cost-plus
additional fees are 1.59 times more likely when arrangements have no use restrictions, as compared
to those that impose restrictions. Decisions to pay more upfront may indicate a preference for
minimization of transaction cost and maximization of the use of genetic materials. Providers may
also prefer upfront payments with no restrictions as the magnitude and accrual period for potential
benefits is not clear (SUNEETHA and PISUPATI, 2009) and because of high level of regulatory
uncertainly (EATON and VISSER, 2007).

The variable private source of genetic resources is, as expected, positively related to levels of
payment on genetic resources (p < 0.01). This implies that researchers obtaining genetic resources
from companies tend to pay higher upfront payments. The odds that that cost plus additional fees are
about 2.5 times higher for materials coming from private companies, than from other organizations.

4.3.3 Findings for other variables

Several other control variables were included in the model. The variable same institution, which
measures whether both the provider and recipient are from either government or university, is
positively related to upfront payment level (p < 0.01). This indicates that exchange of genetic
materials between institutions that share values or have similar regulatory or administrative systems
tends to have lower upfront costs as compared to exchange that occurs across different institutions.
The odds of obtaining genetic materials free of charge are 0.46 times higher if the transfer takes
place between similar institutions as opposed to across different institutions. STREITZ and
BENNETT (2003) also reported sharing materials between university scientists to be less
problematic and less restrictive due to similar institutional cultures and motivations for exchange.

Additionally, the variable send genetic resources abroad indicates whether the research sends
material to foreign entities. Findings show that individuals who are more involved in sending
materials out have lower upfront payments. Respondents who are more actively exchanging genetic
resources likely have established reciprocal exchange relationships with other domestic and
international providers.
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Other control variables such as category of genetic organism, membership in an association, gender
and age of the recipient researcher also turned out to be associated significantly with upfront
payment levels. The negative association (p < 0.01) between microbial genetic materials may
indicate that the perceived value and transaction costs of microbes may simply be much lower than
insects, which is the reference group. Certainly microbes are smaller and more easily exchanged.
Membership in an association that formally considers access, exchange and use of genetic resources
is positively associated with upfront payment. Possibly, membership provides awareness of the
benefits of upfront payments for exchange in the face of increased restrictions. The variable female
shows that women tend to receive genetic resources at either cost or cost plus, while the positive
result for age shows that older, likely more senior, researchers pay less upfront for genetic resources.
This last result is likely due because senior researchers have stronger personal connections with
resource providers.

5. Conclusions and policy implications

The analysis presented in this paper demonstrates the relationship between level of upfront payment,
long-term monetary and non-monetary benefits, and use restriction. While findings showed that a
considerable portion of genetic materials are still accessed by the US researchers free of any upfront
monetary charge, there were differences depending upon type of use reported. Product and process
development tended to be associated with higher upfront payments. Additionally, material transfer
that occurs when recipients are expected to provide information about research results requires lower
upfront payments. Alternatively stated, when research materials are acquired with higher upfront
payments, recipients are not expected to provide information as a long-term nonmonetary benefit.
This finding provides some evidence for the substitutability between upfront payment and
informational non-monetary benefits.

There is also some evidence that the upfront payments to acquire genetic materials from foreign
sources are higher, as compared to domestic sources. As discussed, this reveals that exchange of
genetic materials may involve time preference and high uncertainty, raising questions about the
inadequacy of current benefits arrangement in facilitating exchange of genetic materials for food and
agriculture. Additionally, upfront payments tend to be higher when material is received from private
companies

Finally, findings show that restrictions on use are associated with lower payments; fewer restrictions
are realized with higher upfront payments. It is possible, that higher upfront payments can be
assessed in ways that avoid complex restrictions and obligations that may hinder research and further
innovation. Policies that promote upfront payments coupled with no or low restrictions on use could
reduce pressure by countries and material suppliers to speculate about the potential future benefits of
genetic resources. Speculation about potential benefits is likely to result in an inflated valuation of
genetic resources and in reduced exchange.

In sum, this research suggests that in some cases, policies that promote a simple fee system could
improve the flow and use of genetic material exchange. We suggest further empirical investigation
to better understand how transaction costs associated with MTAs, contracts and regulations along the
value chain of genetic material exchange impact the private and social value from the use of genetic
resources.
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