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Coverage

Presenting finaings of full repert available on

Peer review journaliVersions: econemic Impact m lnt
Jourmal of Bietechnolegy, envirenmentallimpacts i GV
Crops jeurnal

Cumulative impact: 1996-2009

Farm income & productivity, Impacts: fecuses on farm
Income, yield; production

Envirenmental impact analysis coverng pesticide spray.
changes & associated envirenmental Impact

Environmental impact analysis: greenhouse gas
emissions
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Methodology.

Literature review of economic impact in each
country — collates & extrapolates existing Work

Uses' current prices; exch rates:and yields (ior
each year): gives dynamic element to analysis

REView: of pesticider tsage: (Volumes: used) or:
typical GV versus conventional treatments

Use off Environmental Impact Quotient (EIQ)
Indicatoer

Review: offliterature on' canoon Impacts — fuel
changes and sell carbon
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Methodology: EIOS

From Kevach et al (1992)

Integrates various env. impacts o inaiyv
pesticides intera single field value/ha —
allews for comparisens; BetWeen Products

IS; consistent and fairly, comprenensive

Compares level of tse on GM with
conventional crop usage te deliver egual
level of efficacy

©PG Economics LLtd 2011



Key Findings

Pequde Carbon Emissions Global
Reduction Farm Income

~~_

393 million kg

reduction in
pesticides &
17.1% cut in
associated
environmental

impact

S

~_

2009 = cut of
17.7 billion kg
co?2 release;
equiv to taking
7.8 million cars
off the road

S

7 &

$64.7
billion
Increase

|85

After 14 years of commercialization, biotech crops have yielded a net increase
in farm income while significantly reducing environmental impact
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Farm level economic Impact

2009 farm iIncome benefit $10.8 billion

20095 equIv: toradading value to glehal
production of these four creps of 4.1%

53%0 of farm income: gain in 2009 toe
farmersiin developing countries (49%
1996-2009)

Since 1996, farm Income gain = $64. 7
pillion
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Farm income effect: million $

Trait

GM herbicide tolerant
soybeans

GM herbicide tolerant maize
GM herbicide tolerant cotton
GM herbicide tolerant canola
GM insect resistant maize
GM insect resistant cotton
Others

Totals

Increase in farm income

2009

2,068.1

392.1
38.1
362.6
3,911.5
3,912.4
84.7

10,769.5

Increase in farm income Farm income benefit in Farm income benefit in

1996-2009 2009 as % of total value of =~ 2009 as % of total value of
production of these crops global production of crop

in biotech adopting

countries

25,076.5 2.7 2.34
2,234.9 0.6 0.3
907.8 0.13 0.12
2,181.0 741 1.59
14,530.6 5.7 3.5
19,578.1 13.3 12.5
230.4 Not applicable Not applicable
64,739.3 5.84 4.1
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Farm income gains: By Country:
1996-2009 million: $

increase

mlppmes
8 million

‘iﬁ bt N

72 million increase

Argentinal0.4
billion increase
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Since 1996, biotech crops have increased farm income $64.74 billion.



Other farm level benefits

GM HT crops GM IR crops
Increased management Production risk management tool
flexibility/convenience
Facilitation of no till practices Machinery & energy cost savings
Cleaner crops = lower harvest cost & Yield gains for non GM crops
quality premia (reduced general pest levels)
Less damage in follow on crops Convenience benefit

Improved crop quality

Improved health & safety for
farmers/workers

©PG Economics L.td 2011
In US these benefits valued at

$6.9 billion 1996-2009



Cost of accessing the
technology 2009

Total trait benefit 2009 = $15.3 billion
comprising $10.8 billien additional farm inceme
plus $4.5 billien’ cest of accessing technoelegy.

Cost of tech goes to seed supply chain (sellers
of seed to farmers, seed multipliers; plant
preeders, distrbutors & tech providers)

Overall cost of tech as % of total tralt benefits =
30%
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Cost of acecessing technology
200}

Farmers in developing ceuntries: 18% of total
trait benefit

Farmers in developed countries: 39% of total
trait benefit

IHIgher share of farmiincome gain as % of total
trait benefit In' developing countries due te weak
pPrevision & enforcement of intellectual property.
[ghtS & NIgher average INCome gains
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Yield gains versus cost savings

579% ($36.6 billion) of total farm inceme gain
due te yield gains 1996-2009

Balancerdue o, cost savings

Yield gainss mainly fram' GM' IR technology & cost
savings mainly from GM HIF technoelegy.

Yield gainsigreatest in develeoping countries &
CoSt savings mainly in' developed countries

HT technology alse facilitated no tillage systems
— allewed second crops (soy) In the same
season In S America S



IR corn: yield & production Impacts
of biotechnology 1996-2009

. -
Trait area: 0. %
996) ’

ha (63% of

Phﬁippines (2003)

it area2009: 0.28 m ha
(10% of'total crop)

‘ld +21.2%
& \.\

(

uguay (2004)

2009: 0.1 m ha (82% of
total crop)

Trait area 2009: 5
(39% of total crop)

Yield: +6% Yield: +6%
009: 2.4 m ha (83%
. of total crop)
Argentina (1998) Yield: +14.1%
Trait area 2009: 2.4 m ha (89% of

total crop)
Yield: +7.4%

Since 1996, average yield impact +9.7% & +130.4 m tonnes
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Herbicide tolerant traits yield &
production Impacts of biotechnology.
Canada & US (1996 & 1999) 1 9 9 —

Crop: canola +7.7%

}
]
‘\ihilippines (2006)
Crop: corn
\ ‘&v Yield +10%
e S0 O

\.ﬂ

guay (1999)

Crop: soybeans (20 facilitation of 2nd
Yield +15% soybeans: +3.5m
tonnes

rgentina (1996)

rop: facilitation of 2"d crop
soybeans: +70.2 m tonnes

Crop: corn (2005) yield +10%
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IR cotton: yield & preduction
Impacts of biotechnology 1996-

Trait area 20 | crop) -

€a'2009: 3.6 m ha
?tal crop)

Trait area 2009:
of total.crop)

Yield: +43%

Colombia (2002)

Trait area 2009: 0.17m ha tal crop)
(39% of total crop)

Yield: +30%

rea: 2009 0.01 m ha (90% @8
of total crop) total cr ;
Yield: +24% Yield: no ¥ )

change

Yield: +30%

Since 1996, average yield impact +14.1% & +10.5 m tonnes
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Additional crop production arising from
positive yield effects of biotech traits 1996-
2009 (millien tennes)
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Additional conventional area
required If biotech not used (m ha)

2009 1996-2009
Soybeans 3.82 32.75
Maize 5.63 25.02

Cotton 2.58 14.40
Canola 0.34 2.80
Total 12.37 74.97
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Impact on pesticide use

Significant reduction i glebal envirenmental Impact of
preduction agriculture

Since 1996 use of pesticides down by 393 m kg (-3.7%0)
& assoecliated envirenmental impact -1.7. 1% - eguivalent
10 1.4 X total EU (27) pesticide active ingredient tse on
arable crops In ene year

LLargest envirenmental gains frem GM' IR cotten: savings
of 153 millien kg Insecticide use & 25% reduction In
associated environmental impact of InSecticides
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Changes In the use of herbicides &
Insecticides from growing GM crops glebally.

Trait

GM herbicide tolerant
soybeans

GM herbicide tolerant
maize

GM herbicide tolerant
canola

GM herbicide tolerant
cotton

GM insect resistant
maize

GM insect resistant
cotton

GM herbicide tolerant
sugar beet

Totals

Change in volume of
active ingredient
used (million kg)

-40.85

-140.26
-13.98
-8.87
-36.46
-152.66
+0.35

-392.73

1996-2009

Change in field EIQ
impact (in terms of
million field EIQ/ha
units)

-5,632.0

-3,435.4
-455.8
-281.5

-1,292.3

-7,088.0

-1.0

-18,184.0
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% change in ai use
on biotech crops

-.9:22

-16.2

-40.6
-21.8

+18.0

% change in
environmental
impact associated
with herbicide &
insecticide use on
biotech crops
-16.0

-10.49
-23.2
-6.9
-34.8

-24.7

-17.1



Impact on greenhouse gas
emissions

Lower GHG eniissions:: 2 11alll SOUICes:

Reduced fuel use (less spraying & soll
cultivation)

GM HT creps facilitate no till systems =
less soll preparation = additienal soll
carbon seguestration
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Reduced GHG emissions: 2009

Reduced fuel use (less
spraying & tillage) = 1.4
pillion kgl less carhon

dioxide —
Facilitation of ne/low, till
systems = 16.3 billion kg

Of carlbon adioxide not Equivalent to removing 7.8

released! into atmosphere million cars — 28% of cars
registered in the United
Kingdom — from the road
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Reduced GHG emissions: 1996-
20]0)¢,

less fuel use = 9.9 billion kg ce2 emission
saving (4.4 m cars offi the road)

additional soil carlbon seguestration = 115
pillion kg ce2 saving Ifland retained in
permanent no tillage. BUT only a
Proportion remains In' continuoeus no: till' se
real figure Is lower (lack of data means
not poessible te calculate)
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Concluding comments

llechnoelogy used by 14 m farmers on 130 m ha
in 2009

Delivered important econemic & envirenmental
PEnEeTits

+ $64. 7 billion to farm income since 1996

-393 M k@ pesticides' & 17.1% reduction In env.
Impact associated with' pesticide use since 1996

Carbon diexide emissions:down by 17. 7 billion
kg In 2009: equal to 7.8 m cars off the road for
a year
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Concluding comments

GM IR technolegy: Impreved profits & enyv. gains: frem
|less Insecticide use

GM HIF technelegy: cembinatien of direct benefits
(mostly: cost reaductions) & facilitation; off changes: 1n
farming systems (no till'& use of bread spectrum
products) plusimajor GHG emission gains

Combination ol additienal farm inceme; Impreyved
envirenment, Righer production and greater production
Securty. = Improved sustainanility of glehal agriculiure
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