
www.landesbioscience.com GM Crops and Food: Biotechnology in Agriculture and the Food Chain 265

GM Crops and Food: Biotechnology in Agriculture and the Food Chain 3:4, 265-272; October/November/December 2012; © 2012 Landes Bioscience

 ANALytiCAL RepORt ANALytiCAL RepORt

*Correspondence to: Graham Brookes; Email: graham.brookes@btinternet.com
Submitted: 03/19/12; Accepted: 03/22/12
http://dx.doi.org/10.4161/gmcr.20097

Introduction

Integrating the data for 2010 into the context of earlier devel-
opments, this study updates the findings of earlier analysis into 
the global economic impact of genetically modified (GM) crops 
since their commercial introduction in 1996; earlier analysis by 
the current authors was published in AgbioForum 12:184–2081 
and the International Journal of Biotechnology 12:1–49.2 The 
methodology and analytical procedures in this present discus-
sion are unchanged to allow a direct comparison of the new with 
earlier data.a

In order to save readers the chore of consulting these earlier 
papers for details of the methodology and arguments, the jour-
nal’s editors have agreed that these elements may be included in 
full in this updated paper.

The analysis concentrates on farm income effects because 
this is a primary driver of adoption among farmers (both 
large commercial and small-scale subsistence). It also con-
siders more indirect farm income or non-pecuniary ben-
efits and quantifies the (net) production impact of the  
technology.

A critical feature in evaluating the global value of crop biotechnology in agriculture must include an assessment of 
its economic impact at the farm level. this paper follows earlier studies which examined economic impacts on yields, 
key costs of production, direct farm income, indirect (non-pecuniary) farm level income effects and impacts on the 
production base of the four main crops of soybeans, corn, cotton and canola. the commercialization of biotech crops is 
continuing to proceed rapidly, with significant changes in the overall level of adoption and impact taking place in 2010. 
this updated analysis shows that there have been substantial net economic benefits at the farm level amounting to $14 
billion in 2010 and $78.4 billion for the 15-year period (in nominal terms). the non-pecuniary benefits associated with 
the use of the technology have also had a positive impact on adoption (in the US accounting for the equivalent of 22% 
of the total US direct farm income benefit). Biotech crops are, moreover, making important contributions to increasing 
global production levels of the four main crops. they have, for example, now added 97.5 million tons and 159 million tons 
respectively, to the global production of soybeans and corn since the introduction of the technology in the mid-1990s.
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Methodology

The report is based on extensive analysis of existing farm level 
impact data for biotech crops. While primary data for impacts of 
commercial cultivation were not available for every crop, in every 
year and for each country, a substantial body of representative 
research and analysis is available and this has been used as the 
basis for the analysis presented.

As the economic performance and impact of this technology 
at the farm level varies widely, both between and within regions/
countries (as applies to any technology used in agriculture), the 
measurement of performance and impact is considered on a case 
by case basis in terms of crop and trait combinations. The anal-
ysis presented is based on the average performance and impact 
recorded in different crops by the studies reviewed; the average 
performance being the most common way in which the identified 
literature has reported impact. Where several pieces of relevant 
research (e.g., on the impact of using a GM trait on the yield of 
a crop in one country in a particular year) have been identified, 
the findings used have been largely based on the average of these 
findings.

This approach may both, overstate or understate, the real 
impact of GM technology for some trait, crop and country com-
binations, especially in cases where the technology has provided 
yield enhancements. However, as impact data for every trait, 
crop, location and year data are not available, the authors have 
had to extrapolate available impact data from identified studies 
to years for which no data are available. Therefore the authors 

aReaders should, however, note that some data presented in this paper are 
not directly comparable with data presented in previous analysis because 
the current paper takes into account the availability of new data and analy-
sis (including revisions to data for earlier years).
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but also impact on costs such as fuel and laborc), crop quality 
(e.g., improvements in quality arising from less pest damage 
or lower levels of weed impurities which result in price premia 
being obtained from buyers) and the scope for facilitating the 
planting of a second crop in a season (e.g., second crop soybeans 
in Argentina following wheat that would, in the absence of the 
GM herbicide tolerant (GM HT) seed, probably not have been 
planted). Thus, the farm income effect measured is essentially a 
gross margin impact (impact on gross revenue less variable costs 
of production) rather than a full net cost of production assess-
ment. Through the inclusion of yield impacts and the application 
of actual (average) farm prices for each year, the analysis also 
indirectly takes into account the possible impact of biotech crop 
adoption on global crop supply and world prices.

The paper also examines some of the more intangible (more 
difficult to quantify) economic impacts of GM technology. The 
literature in this area is much more limited and in terms of aim-
ing to quantify these impacts, largely restricted to the US-specific 
studies. The findings of this research are summarizedd and 
extrapolated to the cumulative biotech crop planted areas in the 
US over the period 1996–2010.

Lastly, the paper includes estimates of the production impacts 
of GM technology at the crop level. These have been aggregated 
to provide the reader with a global perspective of the broader 
production impact of the technology. These impacts derive from 
the yield impacts (where identified), but also from the facilita-
tion of additional cropping within a season (notably in relation 
to soybeans in South America). Details of how these values were 
calculated (for 2010) are shown in appendix 1 (supplemental 
Materials).

Results

GM technology has had a significant positive impact on farm 
income derived from a combination of enhanced productivity 
and efficiency gains (table 1). In 2010, the direct global farm 
income benefit from biotech crops was $14 billion. This is equiv-
alent to having added 4.3% to the value of global production of 
the four main crops of soybeans, maize, canola and cotton. Since 
1996, farm incomes have increased by $78.4 billion.

The largest gains in farm income in 2010 have arisen in the 
cotton sector, largely from yield gains. The $5 billion additional 
income generated by GM insect resistant (GM IR) cotton in 2010 
has been equivalent to adding 14% to the value of the crop in the 
biotech growing countries, or adding the equivalent of 11.9% to 
the $42 billion value of the global cotton crop in 2010.

Substantial gains have also arisen in the maize sector through 
a combination of higher yields and lower costs. In 2010, maize 
farm income levels in the biotech adopting countries increased by 
almost $5 billion and since 1996, the sector has benefited from an 

acknowledge that this represents a weakness of the research. 
To reduce the possibilities of over/understating impact, the 
analysis:

• Directly applies impacts identified from the literature 
to the years that have been studied. As a result, the impacts 
used vary in many cases according to the findings of litera-
ture covering different years.b Hence, the analysis takes into 
account variation in the impact of the technology on yield 
according to its effectiveness in dealing with (annual) fluc-
tuations in pest and weed infestation levels as identified  
by research;

• Uses current farm level crop prices and bases any yield 
impacts on (adjusted, see below) current average yields. In this 
way some degree of dynamic has been introduced into the analy-
sis that would, otherwise, be missing if constant prices and aver-
age yields identified in year-specific studies had been used;

• Includes some changes and updates to the impact assump-
tions identified in the literature based on consultation with local 
sources (analysts, industry representatives) so as to better reflect 
prevailing/changing conditions (e.g., pest and weed pressure, 
cost of technology);

• Includes some sensitivity analysis in which the impacts 
based on average performance are supplemented by a range 
incorporating “below average” and “above average” perfor-
mance assumptions (see supplemental Materials, appendix 2 
for details);

• Adjusts downwards the average base yield (in cases 
where GM technology has been identified as having deliv-
ered yield improvements) on which the yield enhancement 
has been applied. In this way, the impact on total production  
is not overstated.

Detailed examples of how the methodology has been applied 
to the calculation of the 2010 year results are presented in 
supplemental Materials, appendix 1. appendix 2 (also in 
supplemental Materials) also provides details of the impacts and 
assumptions applied and their sources.

Other aspects of the methodology used to estimate the impact 
on direct farm income are as follows:

• Impact is quantified at the trait and crop level, includ-
ing where stacked traits are available to farmers. Where 
stacked traits have been used, the individual trait components 
were analyzed separately to ensure estimates of all traits were  
calculated;

• All values presented are nominal for the year shown and the 
base currency used is the US dollar. All financial impacts in other 
currencies have been converted to US dollars at prevailing annual 
average exchange rates for each year;

• The analysis focuses on changes in farm income in each year 
arising from impact of GM technology on yields, key costs of 
production (notably seed cost and crop protection expenditure 

bexamples where such data are available include the impact of GM insect 
resistant (iR) cotton: in india [see Bennett R et al. (2204)3, iMRB (2006)4 and 
iMRB (2007)5], in Mexico [see traxler et al. (2001)6 and Monsanto Mexico 
(2005, 2007 and 8)7] and in the US [see Sankala and Blumenthal (20038 and 
20069), Mullins and Hudson (2004)10].

cinclusion of impact on these categories of cost are, however, more limited 
than the impacts on seed and crop protection costs because only a few 
of the papers reviewed have included consideration of such costs in their 
analysis. therefore in most cases the analysis relates to impact of crop 
protection and seed cost only.
dNotably relating to the US—Marra M and piggott N (2006).11
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additional $21.6 billion. The 2010 income gains are equivalent to 
adding 6% to the value of the maize crop in these countries, or 
3.5% to the $139 billion value of total global maize production. 
This is a substantial increase in value added terms for two new 
maize seed technologies.

Significant increases to farm incomes have also resulted in the 
soybean and canola sectors. The GM HT technology in soybeans 
has boosted farm incomes by $3.3 billion in 2010, and since 1996 
has delivered over $28 billion of extra farm income (the highest 
cumulative increase in farm income of the biotech traits). In the 
canola sector (largely North American) an additional $2.7 billion 
has been generated (1996–2010).

table 2 summarizes farm income impacts in key biotech 
adopting countries. This highlights the important farm income 
benefit arising from GM HT soybeans in South America 
(Argentina, Bolivia, Brazil, Paraguay and Uruguay), GM IR cot-
ton in China and India and a range of GM cultivars in the US. 
It also illustrates the growing level of farm income benefits being 
obtained in South Africa, the Philippines, Mexico and Colombia.

In terms of the division of the economic benefits obtained by 
farmers in developing countries relative to farmers in developed 
countries, table 3 shows that in 2010, 54.8% of the farm income 
benefits were earned by developing country farmers. The vast 
majority of these income gains for developing country farmers 
have been from GM IR cotton and GM HT soybeans.e Over the 
15 years, 1996–2010, the cumulative farm income gain derived 
by developing country farmers was 50% ($39.24 billion).

Table 1. Global farm income benefits from growing biotech crops 1996–2010: USD million(s)

Trait
Increase in farm 

income 2010

Increase in farm 
income  

1996–2010

Farm income benefit in 2010 as % of total 
value of production of these crops in  

biotech adopting countries

Farm income benefit in 2010 
as % of total value of global 

production of crop

GM herbicide tolerant 
soybeans

3,299.80 28,389.20 3.5 3.2

GM herbicide tolerant 
maize

438.5 2,672.80 0.5 0.2

GM herbicide tolerant 
cotton

148.3 1,062.40 0.4 0.3

GM herbicide tolerant 
canola

472.4 2,657.80 5.7 1.4

GM insect resistant 
maize

4,522.30 18,969.30 5.4 3.2

GM insect resistant 
cotton

5,030.10 24,371.90 14 11.9

Others 90.2 301.5 Not applicable Not applicable

Totals 14,001.60 78,424.90 6.25 4.3

All values are nominal. Others = Virus resistant papaya and squash and herbicide tolerant sugar beet. totals for the value shares exclude “other crops” 
(i.e., relate to the 4 main crops of soybeans, maize, canola and cotton). Farm income calculations are net farm income changes after inclusion of im-
pacts on yield, crop quality and key variable costs of production (e.g., payment of seed premia, impact on crop protection expenditure).

Table 2. GM crop farm income benefits 1996–2010 selected countries: 
USD million(s)

GM HT  
soybeans

GM HT 
maize

GM HT 
cotton

GM HT 
canola

US 12,109.00 2,225.00 875.4 225.5

Argentina 11,217.30 314.2 68.6 N/a

Brazil 3,888.30 17.8 36.4 N/a

paraguay 655 N/a N/a N/a

Canada 163.3 57.7 N/a 2,418.90

South Africa 7.2 3.2 2.7 N/a

China N/a N/a N/a N/a

india N/a N/a N/a N/a

Australia N/a N/a 31.5 13.4

All values are nominal. Farm income calculations are net farm income 
changes after inclusion of impacts on yield, crop quality and key vari-
able costs of production (e.g., payment of seed premia, impact on 
crop protection expenditure). N/a = not applicable. US total figure also 
includes $296.4 million for other crops/traits (not included in the table). 
Also not included in the table is $4.3 million extra farm income from GM 
Ht sugar beet in Canada.

ethe authors acknowledge that the classification of different countries into 
developing or developed country status affects the distribution of benefits 
between these two categories of country. the definition used in this paper 
is consistent with the definition used by James (2009).12

Examining the cost farmers pay for accessing GM technol-
ogy, table 4 shows that across the four main biotech crops, the 
total cost in 2010 was equal to 28% of the total technology gains 
(inclusive of farm income gains plus cost of the technology pay-
able to the seed supply chainf).

fthe cost of the technology accrues to the speed supply chain including 
sellers of seed to farmers, seed multipliers, plant breeders, distributors and 
the GM technology providers
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Many of the studiesg on the impact of biotech crops have iden-
tified the following reasons as being important influences for 
adoption of the technology:

herbicide tolerant crops.
• Increased management flexibility and convenience that 

comes from a combination of the ease of use associated with 
broad-spectrum, post emergent herbicides like glyphosate and 
the increased/longer time window for spraying. This not only 
frees up management time for other farming activities but also 
allows additional scope for undertaking off-farm, income earn-
ing activities;

• In a conventional crop, post-emergent weed control relies on 
herbicide applications after the weeds and crop are established. 
As a result, the crop may suffer “knock-back” to its growth from 
the effects of the herbicide. In the GM HT crop, this problem is 
avoided because the crop is tolerant to the herbicide;

• Facilitates the adoption of conservation or no tillage systems. 
This provides for additional cost savings such as reduced labor 
and fuel costs associated with ploughing, additional moisture 
retention and reductions in levels of soil erosion;

• Improved weed control has contributed to reduced harvest-
ing costs—cleaner crops have resulted in reduced times for har-
vesting. It has also improved harvest quality and led to higher 
levels of quality price bonuses in some regions and years (e.g., HT 
soybeans and HT canola in the early years of adoption respec-
tively in Romania and Canada);

• Elimination of potential damage caused by soil-incorporated 
residual herbicides in follow-on crops and less need to apply her-
bicides in a follow-on crop because of the improved levels of weed 
control;

• A contribution to the general improvement in human safety 
(as manifest in greater peace of mind about own and worker 
safety) from a switch to more environmentally benign products.

insect resistant crops.
• Production risk management/insurance purposes—the 

technology takes away much of the worry of significant pest 
damage occurring and is, therefore, highly valued. Piloted in 
2008 and more widely operational from 2009, US farmers using 
stacked corn traits (containing insect resistant and herbicide tol-
erant traits together) are being offered discounts on crop insur-
ance premiums (for crop losses) equal to $12.97/ha in 2010. Over 
the three years, this has applied to 12.7 million ha, resulting in 
insurance premia savings of $137.8 million;

• A “convenience” benefit derived from having to devote less 
time to crop walking and/or applying insecticides;

• Savings in energy use—mainly associated with less use of 
aerial spraying;

• Savings in machinery use (for spraying and possibly reduced 
harvesting times);

• Higher quality of crop. There is a growing body of research 
evidence relating to the superior quality of GM IR corn rela-
tive to conventional and organic corn from the perspective of 

For farmers in developing countries the total cost was equal 
to 17% of total technology gains, while for farmers in developed 
countries the cost was 37% of the total technology gains. While 
circumstances vary between countries, the higher share of total 
technology gains accounted for by farm income gains in devel-
oping countries relative to the farm income share in developed 
countries reflects factors such as weaker provision and enforce-
ment of intellectual property rights in developing countries and 
the higher average level of farm income gain on a per hectare 
basis derived by developing country farmers relative to developed 
country farmers.

As indicated in the methodology section, the analysis pre-
sented above is largely based on estimates of average impact in all 
years. Recognizing that pest and weed pressure varies by region 
and year, additional sensitivity analysis was conducted for the 
crop/trait combinations where yield impacts were identified in the 
literature. This sensitivity analysis (see sup. Material, appendix 
2 for details) was undertaken for two levels of impact assump-
tion; one in which all yield effects in all years were assumed to be 
“lower than average” (level of impact that largely reflected yield 
impacts in years of low pest/weed pressure) and one in which all 
yield effects in all years were assumed to be “higher than aver-
age” (level of impact that largely reflected yield impacts in years 
of high pest/weed pressure). The results of this analysis suggest 
a range of positive direct farm income gains in 2010 of +$12 bil-
lion to +$18.5 billion and over the 1996–2010 period, a range of 
+$68.5 billion to +$93.1 billion (table 5). This range is broadly 
within 87% to 119% of the main estimates of farm income pre-
sented above.

Indirect (Non-pecuniary) Farm Level Impacts

As well as the tangible and quantifiable impacts on farm profit-
ability presented above, there are other important, more intan-
gible (difficult to quantify) impacts of an economic nature.

Table 3. GM crop farm income benefits 2010: developing vs. developed 
countries: USD million(s)

Developed Developing

GM Ht soybeans 970.8 2,329.00

GM iR maize 3,868.60 653.7

GM Ht maize 274.3 164.2

GM iR cotton 586 4,444.10

GM Ht cotton 65.3 83

GM Ht canola 472.4 0

GM virus resistant papaya and squash 
and GM Ht sugar beet

90.2 0

Total 6,327.60 7,674.00

Developing countries = all countries in South America, Mexico,  
Honduras, Burkino Faso, india, China, the philippines and South Africa.

gFor example, relating to Ht soybeans; USDA (1999),13 Gianessi and Carpen-
ter (2000),14 Qaim and traxler (2002),15 Brookes (2008);16 relating to insect 
resistant maize, Rice (2004);17 relating to insect resistant cotton ismael et al. 
(2002),18 pray et al. (2002).19
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valuation techniquesi to obtain farmers valuations of non-pecuni-
ary benefits. A summary of these findings is shown in (table 6).

having lower levels of mycotoxins. Evidence from Europe [as 
summarized in Brookes (2008)]16 has shown a consistent pat-
tern in which GM IR corn exhibits significantly reduced levels 
of mycotoxins compared with conventional and organic alterna-
tives. In terms of revenue from sales of corn, however, no premia 
for delivering product with lower levels of mycotoxins have, to 
date, been reported although where the adoption of the technol-
ogy has resulted in reduced frequency of crops failing to meet 
maximum permissible fumonisin levels in grain maize (e.g., in 
Spain), this delivers an important economic gain to farmers sell-
ing their grain to the food using sector. GM IR corn farmers in 
the Philippines have also obtained price premia of 10% [Yorobe J 
(2004)]20 relative to conventional corn because of better quality, 
less damage to cobs and lower levels of impurities;

• Improved health and safety for farmers and farm workers 
(from reduced handling and use of pesticides, especially in devel-
oping countries where many apply pesticides with little or no use 
of protective clothing and equipment);

• Shorter growing season (e.g., for some cotton growers in 
India) which allows some farmers to plant a second crop in the 
same season.h Also some Indian cotton growers have reported 
knock on benefits for bee keepers as fewer bees are now lost to 
insecticide spraying.

Some of the economic impact studies have attempted to 
quantify some of these benefits (e.g., Yorobe J: see above).20 
Where identified, these cost savings have been included in the 
analysis presented above. Nevertheless, it is important to rec-
ognize that these largely intangible benefits are considered by 
many farmers as a primary reason for adoption of GM technol-
ogy, and in some cases farmers have been willing to adopt for 
these reasons alone, even when the measurable impacts on yield 
and direct costs of production suggest marginal or no direct 
economic gain.

Since the early 2000s, a number of farmer-survey based studies 
in the US have also attempted to better quantify these non-pecu-
niary benefits. These studies have usually employed contingent 

Table 4. Cost of accessing GM technology [USD million(s)] relative to the total farm income benefits 2010

Cost of  
technology: 
all farmers

Farm income 
gain: all 
farmers

Total benefit of tech-
nology to farmers and 

seed supply chain

Cost of technology: 
developing  

countries

Farm income 
gain: developing 

countries

Total benefit of technology 
to farmers and seed supply 
chain: developing countries

GM Ht soybeans 1,605.10 3,299.80 4,904.90 564.4 2,329.00 2,893.40

GM iR maize 1,767.50 4,522.30 6,289.80 515.2 653.7 1,168.90

GM Ht maize 789.6 438.5 1,228.10 94.6 164.2 258.8

GM iR cotton 610.3 5,030.10 5,640.40 400.8 4,444.10 4,844.90

GM Ht cotton 348 148.3 496.3 32.8 83 115.8

GM Ht canola 122.8 472.4 595.2 N/A N/A N/A

Others 72 90.2 162.2 N/A N/A N/A

Total 5,315.30 14,001.60 19,316.90 1,607.80 7,674.00 9,281.80

N/A = not applicable. Cost of accessing technology based on the seed premia paid by farmers for using GM technology relative to its conventional 
equivalents.

Table 5. Direct farm income benefits 1996–2010 under different impact 
assumptions [USD million(s)]

Crop
Consistent below 

average pest/
weed pressure

Average pest/
weed pressure 

(main study 
analysis)

Consistent above 
average pest/

weed pressure

Soybeans 28,220 28,389.20 28,558

Corn 15,772 21,642.10 27,618

Cotton 22,065 25,434.30 33,520

Canola 2,281 2,657.80 2,793

Others 159 301.5 631

Total 68,497 78,424.90 93,120

No significant change to soybean production under all three scenarios 
as almost all gains due to cost savings and second crop facilitation.

Table 6. Values of non-pecuniary benefits associated with biotech crops 
in the US

Survey Median value ($/hectare)

2002 iR (to rootworm) corn growers 
survey

7.41

2002 soybean (Ht) farmers survey 12.35

2003 Ht cropping survey (corn, cotton 
and soybeans), North Carolina

24.71

2006 Ht (flex) cotton survey*
12.35 (relative to first genera-

tion Ht cotton)

Source: Marra and piggott (2006)11 and (2007).21 *Additionally cited by 
Marra and piggott (2007) in “the net gains to cotton farmers of a natural 
refuge plan for Bollgard ii cotton” in Agbioforum.21

hNotably maize in india.

iSurvey based method of obtaining valuations of non-market goods that 
aim to identify willingness to pay for specific goods (e.g., environmental 
goods, peace of mind, etc.,) or willingness to pay to avoid something being 
lost.
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farmer-surveys in other countries. Unfortunately, the authors 
are not aware of any such studies having been undertaken  
to date.

Production Effects of the Technology

Based on the yield assumptions used in the direct farm income 
benefit calculations presented above (see supplemental Material, 
appendix 1) and taking account of the second soybean crop 
facilitation in South America, biotech crops have added impor-
tant volumes to global production of corn, cotton, canola and 
soybeans since 1996 (table 7).

The biotech IR traits, used in the corn and cotton sectors, 
have accounted for 98% of the additional corn production and 
99.4% of the additional cotton production. Positive yield impacts 
from the use of this technology have occurred in all user coun-
tries (except GM IR cotton in Australiaj) when compared with 
average yields derived from crops using conventional technology 
(such as application of insecticides and seed treatments). The 
average yield impact across the total area planted to these traits 
over the 15 y period since 1996 has been +9.6% for corn traits 
and +14.4% for cotton traits (Fig. 2).

Although the primary impact of biotech HT technology has 
been to provide more cost effective (less expensive) and easier 
weed control vs. improving yields from better weed control (rela-
tive to weed control obtained from conventional technology), 
improved weed control has, nevertheless, occurred delivering 
higher yields in some countries (e.g., HT soybeans in Romania, 
Bolivia and Mexico, HT corn in Argentina and the Philippines: 
see supplemental Material, appendix 2).

aggregating the impact to us crops 1996–2010. The 
approach used to estimate the non-pecuniary benefits derived by 
US farmers from biotech crops over the period 1996–2010 has 
been to draw on the values identified by Marra and Piggot (2006 
and 2007: table 6) and to apply these to the biotech crop planted 
areas during this 15 year period. Figure 1 summarizes the values 
for non-pecuniary benefits derived from biotech crops in the US 
(1996–2010) and shows an estimated (nominal value) benefit of 
$1,020 million in 2010 and a cumulative total benefit (1996–
2010) of $7.62 billion. Relative to the value of direct farm income 
benefits presented above, the non-pecuniary benefits were equal 
to 18.5% of the total direct income benefits in 2010 and 21.6% of 
the total cumulative (1996–2010) direct farm income. This high-
lights the important contribution this category of benefit has had 
on biotech trait adoption levels in the US, especially where the 
direct farm income benefits have been identified to be relatively 
small (e.g., HT cotton).

estimating the impact in other countries. It is evident 
from the literature review that GM technology-using farm-
ers in other countries also value the technology for a variety 
of non-pecuniary/intangible reasons. The most appropriate 
methodology for identifying these non-pecuniary benefit valu-
ations in other countries would be to repeat the type of US 

Table 7. Additional crop production arising from positive yield effects of 
biotech crops

1996–2010 additional  
production

2010 additional  
production

(million tons) (million tons)

Soybeans 97.5 13.07

Corn 159.4 28.29

Cotton 12.5 2.06

Canola 6.1 0.65

Figure 1. Non-pecuniary benefits derived by US farmers 1996–2010 by trait (USD million).

jthis reflects the levels of Heliothis pest control previously obtained with 
intensive insecticide use.  the main benefit and reason for adoption of this 
technology in Australia has arisen from significant cost savings (on insec-
ticides) and the associated environmental gains from reduced insecticide 
use.
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Biotech HT soybeans have also facilitated the adoption of no 
tillage production systems, shortening the production cycle. This 
advantage enables many farmers in South America to plant a crop 
of soybeans immediately after a wheat crop in the same grow-
ing season. This second crop, additional to traditional soybean 
production, has added 96.1 million tons to soybean production 
in Argentina and Paraguay between 1996 and 2010 (account-
ing for 98.5% of the total biotech-related additional soybean 
production).

Using the same sensitivity analysis as applied to the farm 
income estimates presented above to the production impacts (one 
scenario of consistent lower than average pest/weed pressure and 
one of consistent higher than average pest/weed pressure), table 8  
shows the range of production impacts.

Concluding Comments

This study quantified the cumulative global impact of GM tech-
nology between 1996 and 2010, on farm income and on produc-
tion. It shows that there have been substantial direct economic 
benefits at the farm level, amounting to a cumulative total of 
$78.4 billion. Half of this has been derived by farmers in develop-
ing countries. Important non-pecuniary benefits have also been 
derived by many farmers, which in the case of US farmers added 
a further $7.6 billion to the farm income benefits derived from 
the technology. GM technology has also resulted in additional 
production of important crops, equal to an extra 97.5 million 
tons of soybeans and 159.4 million tons of corn (1996–2010).

The authors undertook this (updated) analysis to provide 
interested readers with on-going and current assessments of some 

Table 8. Additional crop production arising from positive yield effects of 
biotech crops 1996–2010 under different pest/weed pressure  
assumptions and impacts of the technology (million tons)

Crop

Consistent below 
average pest/

weed  
pressure

Average pest/
weed pressure 

(main study 
analysis)

Consistent 
above average 

pest/weed  
pressure

Soybeans 97 97.5 98

Corn 137.2 159.4 197.7

Cotton 8.8 12.5 18.2

Canola 4.6 6.1 6.5

No significant change to soybean production under all three scenarios 
as 99% of production gain due to second cropping facilitation of the 
technology.

Figure 2. Average yield impact of biotech iR traits 1996–2010 by country and trait. iRCB = resistant to corn boring pests, iRCRW = resistant to corn 
rootworm.

of the key economic impacts associated with the global adoption 
of biotech crops. By doing so, it is hoped that the data and anal-
ysis presented will contribute to wider and greater understand-
ing of the impact of this technology adoption in agriculture and 
facilitate more informed decision making relating to the use of 
the technology, especially in countries where crop biotechnology 
is currently not permitted.
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