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Abstract

This research aims to show the opportunity of Bt rice by analyzing the cost of delay (COD) in
approval of its commercialization from 2009 to 2015. We used the economic surplus model
developed by Alston et al. (1998) to calculate the COD resulting from the differences between net
present values from the year 2009 and 2015. We made the sensitivity analysis on proportionate
input cost change, supply elasticity, maximum adoption rate and commercialization date to see
how they affect the COD. The study shows that delaying the commercialization of Bt rice is costly.
The COD in China from 2009 to 2015 was up to 27.52 billion US dollars under the discount rate
of 3% and 25.49 billion US dollars under the discount rate of 5%. The sensitivity analyses show
that the impact of supply elasticity is limited. The maximum adoption rate and the
commercialization date of Bt rice have a much bigger impact on the COD. The proportionate input
cost change has the biggest impact. Chinese rice farmers lose 361 million US dollars annually on
their health. Based on these results, the adoption of Bt rice is beneficial to China. The paper
provides results about how much China lose each year due to the delay for the decision-makers to
weigh the pros and cons on the road of biotechnology.
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1. Introduction

Rice is a staple food for Chinese people. In China, due to the development of the industry and the
increasing degradation of arable land, the land for cultivating rice has its limits. There were 95.7
million hectares of rice land in 1990 but decreased to 30.3 million hectares in 2014 (National
Bureau of Statistics of China (NBSC), 2014). The arable land per person was 0.11 hectare in 1990
but decreased to 0.08 hectare in 2014, which is below the world average of 0.2 (World Bank (DB),
2014). Based on the trend of growing population, the United States Census Bureau estimates that
the Chinese population will increase to 1.4 billion around 2026. So how to increase yield in
limited arable land to be self-sufficient in rice production is important for China. Under such
circumstances, Chinese scientists try to cultivate new rice varieties to solve the problem. Bt rice is
the rice genetically modified with insecticidal genes from bacillus thuringiensis with the
advantages of increasing yield, reducing the use of pesticides and generating environmental
benefits (Huang et al., 2005). There are three phases of bio-safety procedures required in China,
namely field trials, environmental release trials and pre-production trials. The pre-production trials
are large-scale trials in experiment stations and farmer fields. China spent 20 years researching its
thermal stability, digestibility, toxicity, allergy of Cry proteins produced by Bt rice and
comparisons of nutrient composition (Li et al., 2015). On October 22, 2009, China’s Ministry of
Agriculture (CMOA) in Hubei Province issued two Bt rice lines (CrylAb/Ac Huahui No. 1 and
Cry1Ab/Ac Bt Shanyou 63) bio-safety certificates (Chen et al., 2011). It means they are as safe as
non-Bt rice and ready for commercialization. However, there is no commercialization until now.
The reasons for its delay are largely due to low public acceptance in China (Chen et al., 2014).
Farmers have concerns about the potential Bt rice market that more cultivation will not generate
high profits to them. A nationwide survey about the knowledge on Bt rice in 2010 shows that
although almost half of the consumers know little about it, they think it has negative effects on
human health and the environment (Qu et al., 2011). Bt rice is a controversial issue in China.
Some think it is beneficial economically and environmentally while others consider more about its
uncertainties and potential risk. Therefore, the government is hesitated to let China step forward as
the first country in the world to commercialize it. Delaying the commercialization of Bt rice might
generate losses because of its great potential economic, environmental and health benefits.
Chinese rice farmers intensively apply more chemical pesticides than farmers in almost any other
country (Huang et al., 2000). The study shows that the use of pesticides can decrease by 80% after
adopting Bt rice (Huang et al. 2005). Bt rice farmers also reduce their labour use (Rozelle et al.,
2005). Bt rice can increase rice yields by more than 60% in comparison with conventional rice
when no pesticides are used (Wang et al., 2010). The simultaneous rises in output and reductions
of inputs contribute to the absolute rises in productivity, which is about 15% higher (Rozelle et al.,
2005). It is safer to aquatic ecosystem (Li et al., 2014). Farmers’ adverse health effects also
significantly decreased (Huang et al., 2005).

The economic surplus model was developed by Alston et al. (1998) and used by Krishna and
Qaim (2007) to estimate the welfare and distribution effects among eggplant farmers and
consumers in India. In Philippines, Bayer (2007) used the model to calculate the regulatory cost of
Bt rice, PRSV papaya, tomato and eggplant. Francisco (2006) used it to evaluate the potential
impacts of adopting Bt eggplant on yield, cost and profitability. Mamaril (2005) focused on the
cost and benefit of MVR tomato in his study. Wesseler and Zilberman, (2014) calculated the COD
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of golden rice in India under uncertainty and irreversibility. Due to the fact that the Bt rice is not
only profitable to farmers but also beneficial to the environment, the delay of its
commercialization might result in large opportunity costs (Raybould et. al., 2010). Although Bt
rice is important to China, the literature about its economic impact is limited and there is no
research about its COD. The objective of this research is to calculate the COD in approval of Bt
rice from 2009 to 2015. The contribution of the research is to provide results about how much
China loses each year due to the delay for the decision-makers to weigh the pros and cons on the
road of biotechnology.

The rest of the paper is organized as follows. Section 2 introduces the economic surplus model of
closed-economy. Data, data sources, model parameterization and the results of the base model are
discussed in section 3. Section 4 is the sensitivity analysis about the proportionate input cost
change, elasticity of supply, maximum adoption rate and commercialization date of Bt rice. Finally,
the conclusion drawn from the research is given in section 5.

2. The model

We want to know how the welfare of farmers, consumers and the government change when the
input costs decrease and rice yields increase after the adoption of Bt rice. China is a self-sufficient
country of rice production with low export. So in this case, the economic surplus model of a
closed-economy is suitable to calculate COD. We assume linear demand and supply function and
there is perfect information in the market about Bt rice and conventional rice. We assume rice
farmers are homogeneous and they would like to and are able to adopt Bt rice. There are no
externality effects from the adoption of Bt rice. Other commodity prices are assumed to be
constant.

POl e T
2 =

Price
[«

e ——— = R D

b
i

Qo Q1
Quantity

Source: Alston et al. (1998, pp. 209)

Figure 1. Surplus distribution in the basic model

Initial supply (Sp):  Qs= a+pP

Supply (S1): Qs= a+B(P+k)=(a+pk)+ BP
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Demand (D): Q¢=m-nP

where a and m are intercept of initial supply and demand function; # and n are the slope of
initial supply and demand function. In Figure 1, the initial equilibrium is at point a. After adopting
Bt rice, the supply function shift outwards to S; where k is the shift down of the supply due to the
cost saving of adopting Bt rice. The new equilibrium is at point b. The change of consumer surplus
(4CSy) is area PpabP, change of producer surplus (4PS;) is area P1bcd. The change of total supply
(ATS,) is area ablgl; due to the parallel shift of supply. Based on Alston et al. (1998), the function
of the change of consumer surplus in closed economy model is as follows (calculation see
appendix):

ACS=P; Z; Q; (1+0.5 Z) 1)

where P; and Q; represent the equilibrium price and quantity of Bt rice at the time of t. The
quantity equals to the pre-research equilibrium quantity, which is a constant and equal to the base
quantity in 2009 times the maximum adoption rate in the pre-production trial. Similar as the
quantity, price is a constant and equal to the equilibrium price in domestic rice market in China in
2009. Z; is the change in price due to the supply shift. ¢ is the absolute value of the price elasticity
of supply. # is the absolute value of the price elasticity of demand. Similarly, the function of the
change of producer surplus in closed economy model is as follows:

APSt:Pt Qt (Kt-Zt ) (1+052t7’l) (2)

where Kqis the vertical shift of supply curve in the year t due to the adoption of new technology
which can be up or down. The change of total surplus in closed economy model is as follows:

ATS=ACS; +APS; (3)

Since the bio-safety certificates of Bt has been issued in 2009 which means this technology is
successful, we assume there is no further research cost any more after 2009. So Net benefit
=ATS=ACS; +APS;

We use NPV,q09 to denote the net present value of Bt rice in 2009 and use NVP,q;5 to denote the
net present value of Bt rice in 2015. Therefore, the way we calculate the COD in approval of Bt
rice in China from 2009 to 2015 is:

COD=NPV009-NPV,015 (4)

3. Data and model parameterization

3.1 Data and data source

The information and data used in this research are from both primary and secondary sources. The
primary data is maximum adoption rate and input cost change in pre-production trial. They are
provided by Hu, who participated in the pre-production trial. Input cost change includes pesticide
cost, labour cost, seed cost, fertilizer cost and other costs. The proportionate input cost change is
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calculated based on them.

All the secondary data used in this research result from the literature about its pre-production trial.
Higher yields require more fertilizer use. However, the data shows that when Bt rice yields
increase, its fertilizer use decreases (Huang et al. 2008), which is interesting to mention. This is
because the rice genetically transferred into Bt rice is an old breed developed in 1980s while the
conventional rice used as comparison is a newly-developed rice breed and thus it has higher yields.
The supply elasticity and the demand elasticity are estimated by Bayer et. al. (2010). Price in this
research is the average domestic market price of rice in 2009. The base quantity in this research is
the maximum adoption rate times the total supply of rice in China in 2009. The price and quantity
are from the official website of NBSC. The exchange rate between yuan and US dollar is based on
the average exchange rate of the year from official website of the People’s Bank of China in 2009.

3.2 Model parameterization

Since the bio-safety certificates of Bt rice have already been issued in 2009, we define the
probability of success as 1, which means it has already been successful in reality. For the same
reason, there was no further research cost after 2009. The maximum adoption rate in
pre-production trial in China is 55%. The parameters of the base model include a price of 442 US
dollars/ton based on the average domestic market price of rice in 2009 and a quantity of 195.1
million ton based on the domestic supply of rice in China in 2009 times the maximum adoption
rate of 55%, which equals to 1.07 million ton. In the research, we discuss the discount rate of 3%
and 5% to estimate the stream of benefits and costs from 2009 to 2015. 3% is based on the
risk-free rate of China bond market in 2009 while 5% is based on the calculation of Kula (2004)
for evaluating agricultural projects. Depreciation factor of technology is used from paper about
similar Bt products for estimation; in this case, the Bt product is Bt eggplants (Bayer, 2007). It
decreases 5% each year starting from the ninth year until 65%. So in sixteen years, the
depreciation factor of technology for Bt rice will maintain at the level of 65%. Targeted pests
might get resistance to Bt rice so the assumption of depreciation factor of technology is
reasonable.

Table I. Parameterization

Parameter  Description (2009) Values and unit Source
P price of Bt rice 442 US dollars/ton Fujian Provincial Price
Bureau (2009)

Q quantity of Bt rice 107306650 ton NBSC (2009)

E(Y) proportionate yield change 0.04 ton/ha Huang et al. (2008)

E(C) proportionate change in 0 US dollars/ha interview with experts
input cost per ton

r discount rate discuss at 5% and 10% Bayer et al. (2010)

& supply elasticity 0.95 Bayer et al. (2010)
demand elasticity -0.3 Bayer et al. (2010)

1-0 depreciation factor of starting from the 9th year, drop Bayer (2007)
technology 5% each year till 65%

A adoption rate 55% interview with experts

a constant of integration 2.3026 calculation


http://data.stats.gov.cn/

B nature rate of diffusion 3.1513 calculation

Notes: The unit for calculating the COD in this research is yuan. Exchange rate: 1 US dollar= 6.8311
yuan
Source: People’s Bank of China (PBC), 2009 (http://www.pbc.gov.cn/).

3.3 Base model results

Based on the economic surplus model, the results of the calculation for net present value (NPV)
and COD are huge. Under the discount rate of 3%, the COD is 27.52 billion US dollars and China
lost 4.42 billion US dollars annually from 2009 to 2015. Under the discount rate of 5%, the COD
is 25.49 billion US dollars and China lost 4.40 billion US dollars annually in the past seven years.
Although the Chinese government has invested billions of US dollars into Bt rice in the past 20
years, there is no return due to the delay. China could have lost more because we do not take the
benefits of rice consumers and environment benefits into account.

Table I1. Results of base model

Discount rate NPV5009 NPV15 COD

(billion US dollars) (billion US dollars) (billion US dollars)
3% 152.12 148.78 27.52
5% 94.62 92.65 25.49

Table I11. Results of annual COD

i 3% i 5%

n 7 n 7

CRF 0.1605 CRF 0.1728
Annual COD 4.42 Annual COD 4.40
(billion US dollars) (billion US dollars)

Notes: Capital Recovery Factor (CRF)=[i(1+i)*n]/[(1+i)"n-1]

3.4 Distribution of different provinces

The study uses the rice quantity of 30 provinces in China in 2009 (excluding Qinghai Province
whose data is not available) to see how the distribution of welfare loss of different provinces.
Hunan Province, Jiangxi Province and Jiangsu Province are the three provinces that have the most
welfare loss because there were more rice yields in these three provinces in 2009. These three
provinces will benefit the most once the commercialization of Bt rice is permitted. 32.2% of the
total surplus will go to the farmers and consumers there.

To be more detail, for consumer surplus, Hunan Province, Jiangxi Province and Jiangsu Province
lost 3.77 billion US dollars, 2.78 billion US dollars and 2.63 billion US dollars for delaying the
commercialization of Bt rice from 2009 to 2015. For producer surplus, Hunan Province, Jiangxi
Province and Jiangsu Province lost 1.19 billion US dollars, 878.89 million US dollars and 831.39
million US dollars for delaying the commercialization of Bt rice from 2009 to 2015. Total surplus
can up to 4.95 billion US dollars, 3.66 billion US dollars and 3.46 billion US dollars for these
three provinces. In Figure 2 below, more information about the welfare loss are provided for other
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provinces in China.
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Figure 2. Distribution of consumer surplus and producer surplus in different provinces

4. Model sensitivity analyses

4.1 Effect of the proportionate input cost change

Proportionate input cost change in this case is the proportionate change in variable input costs per
hectare to achieve the expected yield change (Alston et. al.1998). It includes pesticide cost, labour
cost, seed cost, fertilizer cost and other costs. Based on the data from Hu, the seed cost slightly
increases when adopting Bt rice while other costs decrease dramatically, especially the labour cost
and pesticide cost. The total cost of production decreases by more than 20% after adopting Bt rice.
Proportionate input cost change plays an important role in the economic surplus model, so it is
necessary to discuss different values to see how the proportionate input cost change affects the
COD in approval of the commercialization of Bt rice.

The proportionate input cost change of Bt rice is -0.21 in base model and changed from -0.20 to
-0.28 in the sensitivity analysis. The results show that it affects COD greatly since 1% change in
proportionate input cost change can increase the COD by more than 1 billion US dollars under
both discount rate of 3% and 5%. If the proportionate input cost change of Bt rice increases to
-0.28 the same as the amount of Bt cotton (Huang et. al, 2002), the COD can be up to 34.79
billion US dollars under the discount rate of 3% and 32.22 billion US dollars under the discount
rate of 5%. This is because when the absolute value of proportionate input cost change increases,
the net cost change increases, so that the proportional supply shift of the supply function and thus
the change in price due to the proportional supply shift increases accordingly. The result is that the
consumer surplus and total surplus increases, leading to bigger NPVs.




Table 1V. Results of the sensitivity analysis for the proportionate input cost change

Proportionate input cost change COD (3%) COD (5%)
(billion US dollars) (billion US dollars)
-0.20 25.95 24.03
-0.21 27.05 25.05
-0.22 28.15 26.07
-0.23 29.25 27.09
-0.28 34.79 32.22

4.2 Effect of the supply elasticity

Supply elasticity is a measure used in economics to show the responsiveness of the quantity
supplied of a good or service to a change in its price (Png, 1999). In this case, it shows how
sensitive the supply of Bt rice reacts to its price change. The reason for choosing supply elasticity
instead of demand elasticity is that it has a greater effect than varying the demand elasticity on the
projected benefits (Bayer, 2007).

The supply elasticity for the Bt rice was assumed to be 0.95 based on the data from the paper by
Bayer et. al. (2010). Because rice is inelastic products, the sensitivity analysis varies the supply
elasticity from 0.30 to 1.00 to see how it affects the COD. The results show that when the supply
elasticity decreases, the COD increases; and vice versa.

This is because when the supply elasticity increases, the net cost change decreases due to the fact
that the gross cost change decreases, so that the proportional supply shift and thus the change in
price due to the proportional supply shift decreases accordingly. The result is that the consumer
surplus and total surplus decreases, leading to the lower NPVs.

There are some reasons that can lead supply elasticity to increase. If the resource is easy to get or
the technology is not time-consuming to adopt, the supply elasticity will be bigger. In the case of
Bt rice, farmers are able to change to grow the Bt rice instead of the conventional rice on the same
land, so the land is accessible. The price of Bt rice is not significantly higher than the conventional
rice, so the investment is low. Bt rice can reduce labour spreading the chemical pesticides, so there
is no extra increase of labour or even decrease. Bt rice is also not time-consuming to adopt since
in pre-production trial, it only takes three years to reach the maximum adoption rate of 55%.

From Table V, we can see that if the supply elasticity increases by 1 %, the COD will decrease by
around 40 million US dollars. Since we do not know exactly what the supply elasticity of the Bt
rice in China is, it is necessary and important for us to discuss different levels of supply elasticity
in order to see the effect of this parameter.

Table V. Results of the sensitivity analysis for the supply elasticity

Supply elasticity COD (3%) COD (5%)
(billion US dollars) (billion US dollars)
0.30 36.64 33.93
0.60 29.97 27.76
0.94 27.56 25.53
0.95 (base) 27.52 25.49
0.96 27.47 25.44
1.00 27.31 25.29




4.3 Effect of the maximum adoption rate

The maximum adoption we use in this research is 55% which is based on the data from Hu, who
involved in the pre-production trial of Bt rice. Normally, it takes time for farmers to adopt new
technology and the adoption rate for the first year is low, so we assume the adoption rate for the
first year is 5%. The pre-production trial executed for three years from 2002 to 2004, so it took
three years for the adoption rate to rise from the starting point 5% to the maximum point 55%. We
use two points (=0, A=5%; t=2, A=55%) to identify the a and £ in the adoption function. We
follow Wesseler and Zilberman (2014) to use the logistic function as adoption function:

A= pmax/[1 + exp(—a — Bt)] ®)

where pmax represents the long-term upper limit on adoption of Bt rice in China, parameter «
represents constant of integration and parameter S represents the nature rate of diffusion
measuring the rate at which adoption A increases with time t. When we vary the maximum
adoption rate, the adoption rate for the first year maintains at 5% while the adoption rate in the
second year changes accordingly. Maintaining other parameters to be the same, the sensitivity
analysis varies the maximum adoption rate to see how it affects the COD in approval of Bt rice in
China.

The maximum adoption rate might still be able to increase through years because the
pre-production trial only lasted for three years. If changing the maximum adoption rate can
increase the COD to a certain level, the maximum adoption rate actually affects the benefit a lot.
Since we already know that increasing public acceptance is an important way for increasing the
adoption rate, more information should be provided to the public in later years to reduce the
asymmetric information among the farmers and consumers about Bt rice. When the maximum
adoption rate is changed in sensitivity analysis, we can see different results of COD both under the
3% and 5% discount rate as the Table VI below shows.

Table VI. Results of the sensitivity analysis for the maximum adoption rate

Maximum adoption rate COD (3%) COD (5%)
(billion US dollars) (billion US dollars)
50% 25.03 23.19
55% (base) 27.52 25.49
60% 29.99 27.78
65% 32.48 30.08
80% 39.99 37.02

The COD increases when the maximum adoption rate increases. This phenomenon is reasonable
because the Bt rice is beneficial and profitable. The more that the Bt rice are adopted, the more
benefits and profits they can bring to the farmers, consumers and the government, which leads to
the more potential COD if their commercialization is delayed. From Table VI, we can see that
when the maximum adoption rate increases by 5%, the COD will increase by over 2 billion US
dollars under the discount rate of both 3% and 5%. If the maximum adoption rate can reach 80%,
there will be a gain of 39.99 billion US dollars under the discount rate of 3% and a gain of 37.02
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billion US dollars under the discount rate of 5% in comparison to the current maximum adoption
rate of 55%. Based on this result, we can conclude that if farmers want to cultivate more Bt rice
due to the reduction of asymmetric information, the maximum adoption rate will increase and thus
increase their benefits.

4.4 Effect of the commercialization date of Bt rice

It has been seven years since Bt rice was ready for commercialization. The total COD and annual
COD we have known and now we can also calculate how much it costs for a one-year delay and
how much it gains for a one-year earlier adoption. The two-year case is similar. Maintaining other
parameters to be the same, the sensitivity analysis varies the commercialization date of Bt rice to
see how it affects the COD in approval of Bt rice in China. We discuss different possibilities for
the commercialization date of Bt rice. Gain 1 year (2014), gain 2 years (2013), lag 1 year (2016)
and lag 2 years (2017) are discussed based on the economic surplus model in order to get the
different NPVs for calculating the COD. A lag of one or two years is easily conceivable while the
gain of one or two years is no longer possible, which we just calculate for comparison.

The commercialization date of Bt rice in China has a great influence on the COD. Based on the
data we get from the sensitivity analysis, we can conclude that the later the commercialization date
of Bt rice in China, not only the COD will increase, but also it will increase with a positive
acceleration due to the discount rate.

For example, with the discount rate of 3%, the COD for 2013 is 24.29 billion US dollars; the COD
for 2014 is 25.88 billion US dollars. The different between the commercialization in 2013 and
2014 is 1.59 billion US dollars. The COD for 2016 is 29.21 billion US dollars and for 2017 is
30.94 billion US dollars. The difference between the commercialization in 2015 and 2016 is 1.69
billion US dollars while the difference between the commercialization in 2016 and 2017 is 1.73
billion US dollars. It is continuously increasing with a positive acceleration. The Table VII below
shows the results in detail.

Table VII. Results of the sensitivity for the commercialization date of Bt rice in China

Commercialization date COD (3%) COD (5%)
(billion US dollars) (billion US dollars)
2013 24.29 22.92
2014 25.88 24.17
2015 (base) 27.52 25.49
2016 29.21 26.86
2017 30.94 28.31

5. Health benefit of Bt rice farmers in China

The recent study shows the adoption of Bt rice can improve farmers’ health due to low exposure to
the pesticides (Huang et al., 2015). This section will quantify the health benefits of Bt rice farmers
to show how much they can benefit individually on average from adopting Bt rice. Huang et. al.
(2000) calculated that the sample mean value for health cost per rice farmer due to the pesticide
use in China, which equals to 3.33 US dollars per year (PBC, 2016). The total area for cultivating
rice in China in 2009 was 2962692 ha while the average cultivation area per rice farmer was 0.15
ha (NBSC, 2009), so we estimate there are 197 million rice farmers in China in 2009.
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Health benefit = health benefit per farmer x number of farmers x adoption rate *

Based on the calculation, our estimation about the health benefit for Chinese farmers adopting Bt
rice since 2009 is 361 million US dollars per year. We multiple the number of rice farmers with
the maximum adoption rate 55% which we got from the pre-production trial, namely 108.35
million rice farmers in China benefiting from adopting Bt rice. The health benefit of 361 million
US dollars per year can be considered conservative estimation because the health effect of
consumers is not taken into account. However, the health benefit of Bt rice farmers could decrease
every year because the number of farmers in China is continuously decreasing (Yang, 2013). This
is due to the phenomenon that more farmers prefer to migrate to big cities. In addition, proper
usage of pesticides due to increasing awareness about the pesticide effect on health will also
decrease the health benefit (Bourguet and Guillemaud, 2016).

6. Conclusion

The bio-safety certificates for Bt rice were issued and renewed on October 22, 2009 and
December 11, 2014. The commercialization of Bt rice in China has not been permitted till now.
The delay can lead to huge opportunity cost. This study uses the economic surplus model to
evaluate the economic impact of the Chinese GMO regulatory process on the change of consumer
surplus, producer surplus, total surplus, NPVs and the result of the COD in approval of Bt rice in
China from 2009 to 2015. All the data used for calculation are based on the literature and Hu, who
directly involved in the pre-production trial. The estimated base model of the closed economy for
the Bt rice results in the COD up to 27.52 billion US dollars under the discount rate of 3% and
25.49 billion US dollars under the discount rate of 5%. Sensitivity analyses were then carried out
in which the proportionate input cost change, supply elasticity, the maximum adoption rate and the
commercialization date of Bt rice were varied separately in order to show the impact of the
welfare of such changes. The results show that the impact of supply elasticity is limited. The
maximum adoption rate and the commercialization date of Bt rice have a much bigger impact on
the COD. The proportionate input cost change has the biggest impact. Health benefits of adopting
Bt rice by Chinese rice farmers are huge due to huge number of rice farmers. This research does
not include the quantification of environmental benefits, because the environmental benefits due
to the reduction of pesticide use are still largely unknown (Wabbi and Taylor, 2008), so the actual
COD could have been even larger. Should China decide to permit the commercialization of Bt rice?
From a standpoint of cost and benefit based on the research, it cannot be denied that the adoption
of Bt rice will be economically beneficial to China. Since the low public acceptance of Bt rice is
the major reason for the delay in China, the asymmetric information should be reduced and public
cognition of the safety and benefit of Bt rice should be improved.

! Health benefit = health benefit per farmer x number of farmers x adoption rate =3.33x197x55% =361 million

US dollars per year
10
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Appendix
Calculation of equation (1), (2), (3) and (4)

This section based on the economic surplus model by Alston et al (1998). We denote K; as the
proportional supply shift in year t relative to the initial equilibrium price. (P1-Pg) is the
research-induced change in price and —(P1-Po)/Pg is the absolute value of the relative change in
price. We denote Z; as proportionate decrease in price in year t.
We can see from Figure 2 that:
k=(Po-d)
K=k/Po=(Po-d)/Py.
When Q:=Q4=Q

P=(m- a-BK)/( f+n)
When k=KP,

P1=(n- a-BKPo)/( B+n)

(P1-Po)= -BKPo/(B+n)
—(P1-Po)/Po=BKI/(B+n)=K /(e + n)=Z (multiplying through the numerator and denominator by
Po/Qo to convert the slopes to elasticities)
ACS =PyabP;=PyaeP;+abe=(Pq-P1)Qq+0.5(Po-P1)(Q1-Qo)
Since Z= —(P1-Py)/Pg

(Q1-Q0)/Qo=2n
S0 ACS=P,Q,Z(1+0.5Zn)
APS =P;bl;-Poalg=P;bcd=P,ecd+bce=(P;-d)Qo+0.5(P;1-d)(Q1-Qo)
Rewrite to (P1-d)Qo[1+0.5(Q1-Q0)/Qo]
We define (P1-d)=(Po-d)-(Po-P1)=KPo-ZPq.
S0 APS=PQy(K-Z ) (1+0.5Z)
ATS=ACS+APS

= PoQoZ(1+0.5Zn) + PoQo(K-Z ) (1+0.521)

=KPoQo (1+0.5Z#)
In sum, we can summarize the consumer surplus, producer surplus and total surplus in the year t
as equation (1), (2) and (3).
We denote p=E(Y)/e as the gross proportionate reduction in marginal cost per ton of output. We
denote w=E(C)/(1+E(Y)) as the proportionate input cost change per ton of output. We denote 9 =
o — w= E(Y)/e - E(C)/(1+E(Y)) as the net proportionate change in cost per ton of output.
Ki=04(1-0) is the proportional supply shift in year t where (1-0) is the depreciation factor of
technology.
K=[E(Y)e — E(C)/(1 + E(Y)]* pmax/[1 + exp(—a — Bt)]*(1-9)
Z=Ke/(e + 1)
We substitute K and Z; into equation (1), (2) and (3), and we can get:
ATS; =Net benefit = [E(Y)/e-E(C)/(1 + E(Y))]*[pmax/[1 + exp(-a-Bt)]*(1-0) Py Q (1+0.5
Ke/ (e +n))
Finally, we can use net benefit to calculate the NPV and COD in equation (4).
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