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Table 1  Global farm income benefits from growing GM crops 1996 —2012 (million US $ )
PR 2012 ARV AR 1996 4% 2012 4F 2012 4FREBL AR W A AN I 25 2012 4F 6 Bk 4 VR W 4 41 ik
Trait Increase in farm RPN EN AR B AR B R ZAE A AR B
income 2012 Increase in YR EM S/ % Farm in- WA/ % Farm income ben-
farm income come benefit in 2012 as % of  efit in 2012 as % of total
1996 —2012 total value of production of value of global production
these crops in GM adopting  of crop
countries
LR kNS NI
4797.9 37 008. 6 4.4 4.0
GM herbicide tolerant soybeans
F 5 TR0 I T 551 5>
55%.1’)11}? R . 1197.9 5414.7 1.2 0.5
GM herbicide tolerant maize
3 T 5 A AR AL
REC AR 147. 2 1371.6 0.4 0.3
GM herbicide tolerant cotton
ol R PR 550 0k 3
481.0 3 664.4 4.9 1.3
GM herbicide tolerant canola
1 i < >
HERMMEK , 6 727. 8 32 317. 2 6.6 3.0
GM insect resistant maize
1 T v
HEE BN 5 331. 3 36 317. 2 13.1 1.2
GM insect resistant cotton
HiAth Others 86. 3 496.7 N/a
it Totals 18 769. 4 116 590.4 6.8 5.6

1) H Al A8 PO T AR P 3 7 LA K TR B TS . B AR & HALVE Y (B 4 Fb EZAEY— KR F K S L AR AE LS RY
HAbAEDD . AR AT TE 5 18 Tkt i VR R DA R 2R 7 AR Y 32 AR Y ) 22 S R Al v A A b CAn R Y S A i
M ARAED Y H Y52 0D . All values are nominal. Others = Virus resistant papaya and squash and herbicide tolerant sugar

beet. Totals for the value shares exclude ‘other crops’ (ie.relate to the 4 main crops of soybeans,maize,canola and cotton). N/a:

Not applicable. Farm income calculations are net farm income changes after inclusion of impacts on yield,crop quality and key varia-

ble costs of production (eg,payment of seed premia,impact on crop protection expenditure).
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Table 2 GM crop farm income benefits 1996 —2012 selected countries (million US $ )

5 (%) LSSk LRSSk LR LT A LB qe|
Countr ) b 50 R o 5 B K Io% 2 50 A Ak I53% 551 3 3% Pt FE ok B AR AL Bt Total
Y GM HT soybeans GM HT maize GM HT cotton GM HT canola GM IR maize GM IR cotton
EHE Us 16 668.7 3752.3 975.8 268. 3 26 375.9 4046.7 52 087.7
q £
[ST*EL 13 738.5 766.7 107.0 N/a 495.2 456. 4 15 563.8
Argentina
M7 Brazil 4 825.6 703.4 92.5 N/a 2761.7 13.3 8 396. 5
A
i 828 N/a N/a N/a N/a N/a 828.0
Paraguay
fin& K Canada 358 81.3 N/a 3 368.8 1042.9 N/a 4 851.0
ElE
9.1 4.1 3.2 N/a 1100.6 34.2 1151.2
South Africa /a 5
1 E China N/a N/a N/a N/a N/a 15 270. 4 15 270. 4
ENJE India N/a N/a N/a N/a N/a 14 557.1 14 557. 1
. 7
Yy@j(fFJ N/a N/a 78.6 27.3 N/a 659. 6 765.5
Australia
AP AF Mexico 5.0 N/a 96. 4 N/a N/a 136.6 238.0
ggﬁt,/\, N/a 104. 7 N/a N/a 273.6 N/a 378.3
Philippines
% 5 Jg
o b‘ 44,6 N/a N/a N/a N/a N/a 44,6
Romania
b
hids 103. 8 N/a N/a N/a 17.6 N/a 121.4
Uruguay
VEHE A Spain N/a N/a N/a N/a 176.3 N/a 176.3
oA BRI R
/a a a a 18. f 18.
Other EU N/a N/a N/a N/a 8.8 N/a 8.8
e ]
?{“ K N/a 1.7 18. 1 N/a 47.4 15. 4 826.6
Colombia
| 24 Y.
I})’ZM ./ﬁh 432.2 N/a N/a N/a N/a N/a 432.2
Bolivia
4fif6) Burma N/a N/a N/a N/a N/a 215.4 215.4
LT 4H
%Eﬁ N/a N/a N/a N/a N/a 725.1 725.1
Pakistan
PR
i _W&E% N/a N/a N/a N/a N/a 186. 9 186. 9
Burkina Faso
S e 7
AR N/a N/a N/a N/a 6.9 N/a 6.9
Honduras

D AR AT SR TE 25 18 T % i AR DA R 7 AR Y TR AR R S 22 R ARl SO A Ak Cn R 1 SASH 3 A R AR A R
PRI . N/a FoR % E BB AL EY . 98 B Y S BHE A5 A ED SRy 4. 91 ICRITTCREEERK D). RPk
BRI Sk A I K 3 Bt SR 550 T 2 n BB A Ak e A, All values are nominal. Farm income calculations are
net farm income changes after inclusion of impacts on yield,crop quality and key variable costs of production (eg,payment of seed
premia,impact on crop protection expenditure). N/a: Not applicable. US total figure also includes $ 491 million for other crops/
traits (not included in the table). Also not included in the table is $ 5. 5 million extra farm income from GM HT sugar beet in Can-

ada.
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Table 3 GM crop farm income benefits 2012 :developing versus developed countries(million US $ )

AR Phenotypic trait Kk EFE Developed KB E % Developing
HERPIBEEHI KT GM HT soybeans 2 955.4 1.842.5
LR PUBR R E K GM HT maize 654.0 543.9
LR PUBR EFI A AE GM HT cotton 71.4 75.8
R BUBR HFM 32 GM HT canola 481.0 0
P E K GM IR maize 5327.5 1 400. 3
LR P AR GM IR cotton 530. 7 4 800. 7

el B DRI B A JTCRIT VG 34 7% LA B e 35k R e ok o 390 il 5
GM virus resistant papaya and squash and GM HT sugar beet
BTt Total 10 106. 3 8 663.2

86.3 0

DR B ERIE AR E K BV AR A N LR BN b E L EEE L LR IE. Developing countries= All countries

in South America.,Mexico. Honduras,Burkina Faso.India,China, the Philippines and South Africa.
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Table 4 Cost of accessing GM technology relative to the total farm income benefits 2012 (million $ )

PR BRWA . e AR . FoAR 25 A R A BAR A A AT ARG R R AT
Phenotypic B A R AR FHN R Sl s RIEPER RIEPER PR B Y B AR
trait Cost of Farm income  Total benefit of Cost of Farm income KR E K
technology: gain:all technology to technology: gain: developing Total benefit of
all farmers farmers farmers and developing countries technology to farmers
seed supply countries and seed supply chain:
chain developing countries
HAR PR R AIKE 1528.1 4797.9 6 326.0 998. 7 1842.5 2 841.2

GM HT soybeans
ol PR B3R 5] 0K

1 059.4 1197. 2 257. 4.5 543. 08. 4
GM HT maize 5 97.9 57.3 364.5 543. 9 908
T B R B B TR AR AE

295.0 147. 2 442. 2 22.2 75.8 98.0
GM HT cotton 7 7
ol R TR B3R 550 0k 35

161.2 481.0 42.2 a N/a N/a
GM HT canola 6 8 6 N/a /a /a
e B R T e oK

1 800. 8 6 727.8 8 528.6 512.3 1400. 3 1912.6
GM IR maize

"

%%.%ﬂﬂi*ﬁ%ﬂ’: 720.7 5 331.3 6 052.0 422.7 4 800.7 5223.4
GM IR cotton
HAlh Others 76.2 86.3 162.5 N/a N/a N/a
it Total 5641.4 18 769. 4 24 410. 8 2 320.4 8 663.2 10 983. 6

DN/a FREHFRLICAEY) 5 H R AR R AR J2 48 5 1% GeFh 7 40 L L Ak IR Ry e B R A T S0 A AU AR B 2% . N/a: Not applicable.
Cost of accessing technology based on the seed premia paid by farmers for using GM technology relative to its conventional equiva-
lents.
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ﬁ 1996 ﬁg [/‘/(;E R 1'_';12:% ,ﬂ;% E(J @J:H El é'éﬁéiﬂ% Table 5 Additional crop production arising from positive
iﬂé )FI%XE ﬁh%*ﬂﬁi E@F%jﬁﬂlﬁi j]l] (% 5) % yield effects of GM crops (million tonnes)

- >t 4T L % 1996 4F 2 2012 4F N R 2012 4R8N &
%:bLE:Eij(EJ@HﬂXTi*ﬁ*@%FEEJ%ﬁ&I\iH_IK YE¥ Crops 1996—2012 additional 2012 additional
%%Uﬁ@(T 97. 1%71"[] 99. 3V o 'ﬁf?éﬁ?}iﬂi(ﬁﬂﬁiﬁﬁ production production
ARV T A0 P SE P A A B R S S 129 120
FHIXFP B A B B 58 (B T MK R 1 5% R BT R 26 Cotton 18. 2 2.4
AE TR 3) B M4 7 B AR R T B AR L |y TR Canol 66 04

H3% Sugar beet 0.6 0. 15

1996 4ELUKAY 17 4R 1] A AT ARV IR ™ g g i st s 20 3 002 0B A 2008 40
**ﬂﬁﬁﬂ@?i@fﬁiﬁj\%uiﬁﬂ T 10. 4% 1 16. 1 y o GM HT sugar beet only in the US and Canada since 2008.
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Table 6 Impact of changes in the use of herbicides and insecticides from growing GM crops globally 1996 —2012
AR T P il 1 Ji1] B 5 5% 1 JH T EERH AR 55 SRR Y 4 2012 4F-Fi
Trait A= WAL/ ER iR WA AR AR %6 Y B 551 5 1% He 5] T AR/
(10° kg) (10° E1Q/hm?) Change in ai use  MOCHIFRFE M Z/ % (10° hm?)
Change in Change in field EIQ on GM crops Change in environmental Area GM
volume of active  impact (in terms of impact associated with trait 2012
ingredient used million field EIQ) herbicide &- insecticide
use on GM crops
e EL R PIBR RN R 2
—4.7 —6 654 —0.2 —15.0 79.1
GM herbicide tolerant soybeans ’ ’
T 5 ]
REEMBREAER —203. 2 —6 025 —9.8 —13.3 38.5
GM herbicide tolerant maize
5 35 R e 2 ) o 3
*?*uh,ﬁ?i”hmi —15.0 —509 —16.7 —26.6 8.6
GM herbicide tolerant canola
¢ L DR 0 o 7 A A
%%.W}? FRARAE —18.3 —460 —6.6 —9.0 4.4
GM herbicide tolerant cotton
P B
RRNAHEX A —57.6 —2 215 —47.9 —15.1 42.3
GM insect resistant maize
4 4
%%.*}LE*%TE —205.4 —9 256 —25.6 —28.2 22.1
GM insect resistant cotton
ol e PRI ok 5410 i 3
+1.3 —2.0 +29.3 —2.0 0.51
GM herbicide tolerant sugar beet ?
Bt Totals —503.1 —25 121 —8.8 —18.7

PN ES S TN ELY €k Yk
WA AR BN 6 . AL G AR AE — B2 A8 R
F R P Bt 5 TR e A A A 19 Rz e 3% 500 368 1 43
MR B> T 25, 620, IF il EIQ K&K T 28. 2%
(1996 4E & 2012 4F), ZELLAY, % 36 A bt s H R AE
e K R A R R 2D T R A L R T
ETE AN e

ot B R 2K B R0 B i i > T 2. 03

fC kg(1996 4EF 2012 4F) MK T 9. 8% . Hi L X 34
B i B B R T 13, 3%, X BB R I T A
T W] T Bt R DR 83 80 390 A 2 T Aol D 4 8 80 590 95 4
53 Lo AR e A Py BT A1 FH A 0 A58 B S AU

G ATt HRAS T ] UL ) PR R 2R
1996 4E 28 2012 4 K & o ) Fo 50 /9 fiff T & 0 2D 1
470 T3 kg, I FL i T T X IR 5T T R AU A BR R
T2, 5 3 R 5 Fof oA e X o 5 590 A1) 0 P %o 34 5%
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TE 1996 4F 2 2012 4F [A] A% U5 R0 5 50 5] FH o s
BT ARAS P AR BE R 25 O T, Rk E R 5 R R E R
A 54 M 46% . REMEZR TR 3/4(73%)
1) P 355 550 2 A9 2 1 I S DR B SRR A 1 L

1996 — 2012 ERBANEREFNAERIWRERSE . RRPERELZER(BAHELELIM)

Table 7 GM crop environmental benefits from lower insecticide and herbicide use 1996 —2012: developing versus developed countries

T 1) P 5 53 W i B0 A < 2 ik K

T i) 358 52 o) 5 B0 A - S Ji vp [ K

MR Trait Change in field EIQ impact: Change in field EIQ impact:
developed countries developing countries

I N PUBRFH K S GM HT soybeans —4 773.9 —1 880.2
HEEHEPIRFF F K GM HT maize —5585.9 —438.8

T IR BUBR B RIARAE GM HT cotton —351.0 —109.3
HIEPLRFEFMZE GM HT canola —509.1 0
LR BT £k GM IR maize —1574.4 —640. 8

T FE R HTARAE GM IR cotton —805.5 —8451.0

T IE R PBR F ] #E3E GM HT sugar beet —2.0 0

it Totals —13601.8 11520,

EAR T RS, 78— S B BE PP bR A T
127 FIAE Y Ml X, — B0 R R TR fef R — Y R AT
R0 e Rl o A8 BT ) 2 B X B0 280 R
FHUPERY A H A BRIV Bl A BB H R Y
FeHAY 28 T, Horp Ay — 28 5 B L DA BT R REAE 0T
Jok & (www. weedscience. org), filln, 7E3& F H
BRI T 14 Fh e Fon B B A BT Hobh 2 Fh 5 5
SE P H B EY JC G . H i 38 325 e i TR
Tk HRAE S L R TR SR e BRI e I R AR
Y BB T ALY 2026 ~40%

T AR, AT 2% B Y e GATTBOK Bk 2 b R B
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Jil % 5 DR e I 500 A 0 %) R R P A T B L R
AN [F) 26 B 1 I 0] (R A [R] 3 5 4 b i 4 D BB
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ELA TS PR L 22 R Ak Y 2 R A B U2 e
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U Y PR BG4 L OF HLEE LG 9 3l 1 A 2 4 A B
2.
AN 2 R H 1 Bl 1 3 2 I BE 1 Y 4 B R R
2L T2 WA 2 T AR © 28 T i 52 e 7 6 PR 4 o
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%
S+

4 318 =S (GHG)HEH B 2 i

e S VR A 08 /0 i & AR HE O g 32
PRIAE A5 18 2 55— o R T 2% H5R R ER 500 09 FH
Y S BEAR T A 7 2% TR R B R 7 A R R RE
W/ T IR SR RE R I FE . X T GAEY,
o 2 R TR 1 0 SF 07 3% R 8 I R D ) R R0
L DA B AR BB DB s e B A AR A 7
K FE A T A AR B HETC. 2012 4R, A fk
B R D T 21, 11 42 kg CBRRE 1S fafi T 25 3k 20
T 7.9142 L), £ 1996 4E % 2012 4E 6], it b
R & Al T E AT 77 AR 167, 36 42 kg A AL Bk
CIE TR B T 62,6842 L), 25 ., it
FBEGERE O R BN k28 A 7= 05 5 1
R i T B DR B R A A ) T R R R
D] Sy 5 5 R B I 2 7)1 R BB 8 ) b 5 B o e 3 4
il 2% R AN PR RO A s IR B A R 2R IR
kA e, Rk, T AR 00 i B AL AR A 5
VD, e R L K R R W, EE R TR
e 88 7E L4 rp L AR IR = SR HE B R > . R
T b 3& R S5 PN 8 SR FH S B R D Bl AR 7 g =X
FIE R0 B R T L Al 2012 4F - 38 v B i 7 B g
T 67.06 42 kg O >4 T HEB B KA rh 19 — A A i
WA T 246,13 42 kg) o A HEHR BB IR % A7 5T
g HLAb T A (8 0 v L RO B R — AR b — AR A, R
1o A TR B A A 2 SEAIG DR A A A
b X2 Ak 25 fiff P e B R /D B B VE O 20, e T
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Table 8 Context of carbon sequestration impact 2012 : car equivalents

YEY) /AR / 5
Crop/Trait/Country

HT TR EE FH 2 sk
D REH KA CO,
/(108 kg )
Permanent carbon
dioxide savings

arising from reduced

as average family
car equivalents

removed from the

T KRR A T VAR R A 1 T TE B B AL 4% A0S T
14F 9 MNIE B b b 1Y [i& B¢ 7K -/ 14F Y N IE 1o
Wl KR B /108 (10% kg) 1) 37 38 R RE IR
Permanent fuel savings: Potential additional Bk /108

soil carbon Soil carbon sequestration
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Key global economic and environmental impacts of
genetically modified (GM) crop use 1996—2012

Graham Brookes Peter Barfoot

PG Economics Co.UK ,Dorchester UK
Abstract This paper summarises the economic and key environmental impacts that crop biotech-
nology has had on global agriculture. The analysis shows that there have been very significant net eco-
nomic benefits at the farm level amounting to $ 18. 8 billion in 2012 and $ 116. 6 billion for the seven-
teen year period 1996—2012 (in nominal terms). These economic gains have been divided roughly 50%
each to farmers in developed and developing countries. GM technology have also made important contri-
butions to increasing global production levels of the four main crops.having added 122 million tonnes and
230 million tonnes respectively,to the global production of soybeans and maize since the introduction of
the technology in the mid 1990s. In terms of key environmental impacts,the adoption of the technology
has reduced pesticide spraying by 503 million kg (—8.8%) and,as a result,decreased the environmental
impact associated with herbicide and insecticide use on these crops (as measured by the indicator the En-
vironmental Impact Quotient (EIQ)) by 18.7%. The technology has also facilitated a significant reduc-
tion in the release of greenhouse gas emissions from this cropping area,which,in 2012, was equivalent to
removing 11. 88 million cars from the roads.
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Graham Brookes, Peter Barfoot
PG Economics. Co. UK, Dorchester, UK

Abstract This paper summarises the economic and key environmental impacts that crop biotechnology has had on
global agriculture. The analysis shows that there have been very significant net economic benefits at the farm level
amounting to $18. 8 billion in 2012 and $116. 6 billion for the seventeen year period 1996-2012 (in nominal terms).
These economic gains have been divided roughly 50% each to farmers in developed and developing countries. GM
technology have also made important contributions to increasing global production levels of the four main crops, having
added 122 million tonnes and 230 million tonnes respectively, to the global production of soybeans and maize since the
introduction of the technology in the mid 1990s. In terms of key environmental impacts, the adoption of the technology
has reduced pesticide spraying by 503 million kg (-8. 8%) and, as a result, decreased the environmental impact associated
with herbicide and insecticide use on these crops (as measured by the indicator the Environmental Impact Quotient (EIQ))
by 18. 7%. The technology has also facilitated a significant reduction in the release of greenhouse gas emissions from this
cropping area, which, in 2012, was equivalent to removing 11. 88 million cars from the roads.

Keywords yield; cost; income; production; genetically modified crops; pesticide; carbon sequestration; no tillage;

environmental impact quotient

1 Introduction

This paper provides insights into the reasons why so
many farmers around the world have adopted crop
biotechnology and continue to use it in their production
systems since the technology first became available on
a widespread commercial basis in the mid 1990s. The
paper draws, and is largely based on, the considerable
body of peer reviewed literature available that has
examined these issues. It specifically focuses on the
farm level economic effects, the production effects, the
environmental impact resulting from changes in the
use of insecticides and herbicides, and the contribution
towards reducing greenhouse gas (GHG) emissions.
The report is based on extensive analysis of existing
farm level impact data for biotech crops. Whilst
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. This has
been supplemented by the authors’ own data collection
and analysis. The analysis of pesticide usage also takes
into consideration changes in the pattern of herbicide
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use in recent years that reflect measures taken by
some farmers to address issues of weed resistance to
the main herbicide (glyphosate) used with herbicide
tolerant biotech crops. For additional information on

®, readers

the methodology, data sources and references
should consult a detailed examination of these issues
in the two papers in the journal GM Crops, www.
landesbioscience.com-Global income and production
effects of GM crops 1996-2012, GM Crops and
Food:Biotechnology in Agriculture and the Food
Chain, 5.1, 1-11 and key environmental impacts of
global GM crop use 1996-2012, GM Crops and Food
Biotechnology in Agriculture and the Food Chain, 5.2,

149-160. These papers follow on from 15 previous peer

reviewed papers by the authors on the subject of crop
biotechnology impact.

2 Economic impacts

GM technology has had a significant positive impact on
farm income derived from a combination of enhanced
productivity and efficiency gains (Table 1). In 2012, the
direct global farm income benefit from GM crops was
$18.8 billion. This is equivalent to having added 5.6%
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Table 1 Global farm income benefits from growing GM crops 1996-2012

million $

Trait Increase in farm Increase in farm Farm income benefit in Farm income benefit in
income 2012 income 2012 as % of total value of 2012 as % of total value of
1996-2012 production of these crops in global production of crop
GM adopting countries
GM herbicide tolerant soybeans 47979 37 008.6 4.4 4.0
GM herbicide tolerant maize 1197.9 5414.7 1.2 0.5
GM herbicide tolerant cotton 147.2 1371.6 04 0.3
GM herbicide tolerant canola 481.0 3664.4 4.9 1.3
GM insect resistant maize 6727.8 32317.2 6.6 3.0
GM insect resistant cotton 5331.3 36317.2 13.1 11.2
Others 86.3 496.7 N/a N/a
Totals 18 769.4 116 590.4 6.8 5.6

Notes:All values are nominal. Others=Virus resistant papaya and squash and herbicide tolerant sugar beet. Totals for the value shares exclude
‘other crops’ (ie, relate to the 4 main crops of soybeans, maize, canola and cotton). N/a=not applicable. Farm income calculations are net
farm income changes after inclusion of impacts on yield, crop quality and key variable costs of production (e.g., payment of seed premia,

impact on crop protection expenditure)

to the value of global production of the four main crops
of soybeans, maize, canola and cotton. Since 1996,
farm incomes have increased by $116.6 billion.

The largest gains in farm income in 2012 have arisen
in the maize sector, largely from yield gains. The $6.7
billion additional income generated by GM insect
resistant (GM IR) maize in 2012 has been equivalent
to adding 6.6% to the value of the crop in the GM crop
growing countries, or adding the equivalent of 3% to
the $226 billion value of the global maize crop in 2012.
Cumulatively since 1996, GM IR technology has added

$32.3 billion to the income of global maize farmers.

Substantial gains have also arisen in the cotton sector
through a combination of higher yields and lower costs.
In 2012, cotton farm income levels in the GM adopting
countries increased by $5.5 billion and since 1996, the
sector has benefited from an additional $37.7 billion.
The 2012 income gains are equivalent to adding 13.5%
to the value of the cotton crop in these countries, or
11.5% to the $47 billion value of total global cotton
production. This is a substantial increase in value added
terms for two new cotton seed technologies.

Table 2 GM crop farm income benefits 1996-2012 selected countries million $
GM HT soybeans ~ GM HT maize =~ GM HT cotton = GM HT canola  GM IR maize =~ GM IR cotton  Total
us 16 668.7 37523 975.8 268.3 26 375.9 4.046.7 52 087.7
Argentina 13 738.5 766.7 107.0 N/a 495.2 456.4 15 563.8
Brazil 4 825.6 703.4 92.5 N/a 2761.7 13.3 8396.5
Paraguay 828 N/a N/a N/a N/a N/a 828.0
Canada 358 81.3 N/a 3368.8 10429 N/a 4 851.0
South Africa 9.1 4.1 32 N/a 1100.6 342 1151.2
China N/a N/a N/a N/a N/a 15270.4 15270.4
India N/a N/a N/a N/a N/a 14 557.1 14 557.1
Australia N/a N/a 78.6 27.3 N/a 659.6 765.5
Mexico 5.0 N/a 96.4 N/a N/a 136.6 238.0
Philippines N/a 104.7 N/a N/a 273.6 N/a 378.3
Romania 44.6 N/a N/a N/a N/a N/a 44.6
Uruguay 103.8 N/a N/a N/a 17.6 N/a 121.4
Spain N/a N/a N/a N/a 176.3 N/a 176.3
Other EU N/a N/a N/a N/a 18.8 N/a 18.8
Colombia N/a 1.7 18.1 N/a 47.4 154 826.6
Bolivia 432.2 N/a N/a N/a N/a N/a 432.2
Burma N/a N/a N/a N/a N/a 2154 2154
Pakistan N/a N/a N/a N/a N/a 725.1 725.1
Burkina Faso N/a N/a N/a N/a N/a 186.9 186.9
Honduras N/a N/a N/a N/a 6.9 N/a 6.9

Notes:All values are nominal. Farm income calculations are net farm income changes after inclusion of impacts on yield, crop quality and

key variable costs of production (eg, payment of seed premia, impact on crop protection expenditure). N/a=not applicable. US total

figure also includes $491 million for other crops/traits (not included in the table). Also not included in the table is $5.5 million extra

farm income from GM HT sugar beet in Canada
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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
$4.8 billion in 2012, and since 1996 has delivered over
$37 billion of extra farm income. In the canola sector
(largely North American) an additional $3.66 billion
has been generated (1996-2012).

Table 2 summarises farm income impacts in key GM
crop 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 cotton 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 2012, 46.2% of the farm income benefits have
been 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. Over the seventeen years, 1996-2012, the

Table 3 GM crop farm income benefits 2012:developing
versus developed countries million $

Developed  Developing

GMHT soybeans 29554 1 842.5
GMHT maize 654.0 543.9
GMHT cotton 71.4 75.8
GMHT canola 481.0 0.0
GMIR maize 5327.5 1 400.3
GMIR cotton 530.7 4 800.7
GM virus resistant papaya and squash

and GM HT sugar beet 86.3 0.0
Total 10 106.3 8 663.2

Notes: Developing countries=all countries in South America,
Mexico, Honduras, Burkina Faso, India, China, the
Philippines and South Africa

Table 4 Cost of accessing GM technology relative to the total farm income benefits 2012

cumulative farm income gain derived by developing
country farmers was 49.9% ($58.15 billion).

Examining the cost farmers pay for accessing GM
technology, Table 4 shows that across the four main
GM crops, the total cost in 2012 was equal to 23% of
the total technology gains (inclusive of farm income
gains plus cost of the technology payable to the seed
supply chain®).

For farmers in developing countries the total cost
was equal to 21% of total technology gains, whilst
for farmers in developed countries the cost was 25%
of the total technologygains. Whilst circumstances
vary between countries, the higher share of total
technology gains accounted for by farm income gains
in developing countries, relative to the farm income
share in developed countries, reflects factors such
as weaker provision and enforcement 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.

3 Production effects of the technology

Based on the yield impacts used in the direct farm
income benefit calculationsabove and taking account of
the second soybean crop facilitation in South America,
GM crops have added important volumes to global
production of maize, cotton, canola and soybeans since
1996 (Table 5).

The GM IR traits, used in maize and cotton, have
accounted for 97.1% of the additional maize production
and 99.3% of the additional cotton production. Positive
yield impacts from the use of this technology have
occurred in all user countries (except for GM IR
cotton in Australia®) when compared to average yields
derived from crops using conventional technology (such

million $

Cost of Farm income Total benefit of Cost of Farm income Total benefit of technology
technology: gain:all technology to technology:  gain:developing  to farmers and seed supply
all farmers farmers farmers and seed  developing countries chain:developing

supply chain countries countries
GMHT soybeans 1528.1 4797.9 6326.0 998.7 1842.5 2841.2
GMHT maize 1059.4 11979 22573 364.5 543.9 908.4
GMHT cotton 295.0 147.2 4422 222 75.8 98.0
GMHT canola 161.2 481.0 642.2 N/a N/a N/a
GMIR maize 1 800.8 6727.8 8528.6 512.3 1400.3 1912.6
GMIR cotton 720.7 53313 6 052.0 422.7 4 800.7 52234
Others 76.2 86.3 162.5 N/a N/a N/a
Total 56414 18 769.4 24 410.8 23204 8 663.2 10 983.6

Notes: 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.
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Table 5 Additional crop production arising from
positive yield effects of GM crops
million tonnes

2012 additional

1996-2012 additional

production production
Soybeans 122.3 12.0
Maize 231.4 34.1
Cotton 18.2 2.4
Canola 6.6 0.4
Sugar beet 0.6 0.15

Note: GM HT sugar beet only in the US and Canada since 2008

as application of insecticides and seed treatments).
The average yield impact across the total area planted
to these traits over the 17 years since 1996 has been
+10.4% for maize and +16.1% for cotton.

The primary impact of GM HT technology has
been to provide more cost effective (less expensive)
and easier weed control, as opposed to improving
yields. The improved weed control has, nevertheless,
delivered higher yields in some countries. The main
source of additional production from this technology
has been via the facilitation of no tillage production
system, shortening the production cycle and how
it has enabled many farmers in South America to
plant a crop of soybeans immediately after a wheat
crop in the same growing season. This second crop,
additional to traditional soybean production, has
added 114.3 million tonnes to soybean production
in Argentina and Paraguay between 1996 and 2012
(accounting for 93.5% of the total GM-related
additional soybean production).

4 Environmental impact from
changes in insecticide and herbicide
use

To examine this impact, the study has analysed both
active ingredient use and utilised the indicator known
as the Environmental Impact Quotient (EIQ) to assess
the broader impact on the environment (plus impact
on animal and human health). The EIQ distils the
various environmental and health impacts of individual
pesticides in different GM and conventional production
systems into a single ‘field value per hectare’ and
draws on key toxicity and environmental exposure data
related to individual products. It therefore provides
a better measure to contrast and compare the impact
of various pesticides on the environment and human
health than weight of active ingredient alone. Readers
should, however, note that the EIQ is an indicator
only (primarily of toxicity) and does not take into
account all environmental issues and impacts. In the
analysis of GM HT technology we have assumed that
the conventional alternative delivers the same level
of weed control as occurs in the GM HT production
system.

GM traits have contributed to a significant reduction in
the environmental impact associated with insecticide and
herbicide use on the areas devoted to GM crops (Table 6).
Since 1996, the use of pesticides on the GM crop area
was reduced by 503 million kg of active ingredient (8. 8%
reduction), and the environmental impact associated with

Table 6 Tmpact of changes in the use of herbicides and insecticides from growing GM crops globally 1996-2012

Change in Change in field E1Q Change in ai Change in environmental Area GM
Teai volume of impact (in terms of use on GM impact associated trait 2012/
rait active ingredient million field EIQ/ crops/% with herbicide & (million ha)
used/(million kg) (ha units) insecticide use
on GM crops/%
GM herbicide
tolerant soybeans -4.7 -6 654 -0.2 -15.0 79.1
GM herbicide 2032 6025 9.8 133 38.5
tolerant maize
GM herbicide -15.0 509 167 266 8.6
tolerant canola
GM herbicide 183 ~460 6.6 9.0 44
tolerant cotton
GM insect resistant 57.6 2215 479 45.1 03
maize
GM insect resistant 205.4 ~9256 256 282 2.1
cotton
GM herbicide tolerant
sugar beet +1.3 -2 +29.3 -2.0 0.51
Totals -503.1 -25121 -8.8 -18.7
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herbicide and insecticide use on these crops, as measured
by the EIQ indicator, fell by 18.7%.

In absolute terms, the largest environmental gain
has been associated with the adoption of GM insect
resistant (IR) technology. GM IR cotton has contributed
a 25.6% reduction in the volume of active ingredient
used and a 28.2% reduction in the EIQ indicator (1996-
2012) due to the significant reduction in insecticide
use that the technology has facilitated, in what has
traditionally been an intensive user of insecticides.
Similarly, the use of GM IR technology in maize has
led to important reductions in insecticide use, with
associated environmental benefits.

The volume of herbicides used in GM maize crops
also decreased by 203 million kg (1996-2012), a 9.8%
reduction, whilst the overall environmental impact
associated with herbicide use on these crops decreased
by a significantly larger 13.3%. This highlights the
switch in herbicides used with most GM herbicide
tolerant (HT) crops to active ingredients with a more

environmentally benign profile than the ones generally
used on conventional crops.

Important environmental gains have also arisen in
the soybean and canola sectors. In the soybean sector,
herbicide use decreased by 4.7 million kg (1996-2012)
and the associated environmental impact of herbicide
use on this crop area decreased, due to a switch to
more environmentally benign herbicides (-15%). In
the canola sector, farmers reduced herbicide use by
15 million kg (a 16.7% reduction) and the associated
environmental impact of herbicide use on this crop area
fell by 26.6% (due to a switch to more environmentally
benign herbicides).

In terms of the division of the environmental benefits
associated with less insecticide and herbicide use for
farmers in developed countries relative to farmers in
developing countries, Table 7 shows a 54%:46% split
of the environmental benefits (1996-2012) respectively
in developed (54%) and developing countries (46%).
About three-quarters (73%) of the environmental gains

Table 7 GM crop environmental benefits from lower insecticide and herbicide
use 1996-2012: developing versus developed countries

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

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

GM HT soybeans -4 773.9 -1 880.2
GM HT maize -5585.9 -438.8
GM HT cotton -351.0 -109.3
GM HT canola -509.1 0.0
GM IR maize -1574.4 -640.8
GM IR cotton -805.5 -8451.0
GM HT sugar beet 2.0 0.0
Total -13601.8 -11 520.1

in developing countries have been from the use of GM
IR cotton.

It should, however, be noted that in some regions
where GM HT crops have been widely grown, some
farmers have relied too much on the use of single
herbicides like glyphosate to manage weeds in GM
HT crops and this has contributed to the development
of weed resistance. There are currently 28 weeds
recognised as exhibiting resistance to glyphosate
worldwide, of which several are not associated with
glyphosate tolerant crops (www.weedscience.org). For
example, there are currently 14 weeds recognised in the
US as exhibiting resistance to glyphosate, of which two
are not associated with glyphosate tolerant crops. In
the US, the affected area is currently within a range of
20%—-40% of the total area annually devoted to maize,
cotton, canola, soybeans and sugar beet (the crops in
which GM HT technology is used).

In recent years, there has also been a growing

consensus among weed scientists of a need for changes
in the weed management programmes in GM HT
crops, because of the evolution of these weeds towards
populations that are resistant to glyphosate. Growers
of GM HT crops are increasingly being advised to
be more proactive and include other herbicides (with
different and complementary modes of action) in
combination with glyphosate in their integrated weed
management systems, even where instances of weed
resistance to glyphosate have not been found.

This proactive, diversified approach to weed
management is the principal strategy for avoiding
the emergence of herbicide resistant weeds in GM
HT crops. It is also the main way of tackling weed
resistance in conventional crops. A proactive weed
management programme also generally requires less
herbicide, has a better environmental profile and is
more economical than a reactive weed management
programme.
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At the macro level, the adoption of both reactive
and proactive weed management programmes in GM
HT crops has already begun to influence the mix, total
amount and overall environmental profile of herbicides
applied to GM HT soybeans, cotton, maize and canola
and this is reflected in the data presented in this paper.

5 Impact on greenhouse gas (GHG)
emissions

The scope for GM crops contributing to lower levels
of GHG emissions comes from two principal sources:
Reduced fuel use from less frequent herbicide or
insecticide applications and a reduction in the energy
use in soil cultivation. The fuel savings associated
with making fewer spray runs (relative to conventional
crops) and the switch to conservation, reduced and
no-till farming systems, have resulted in permanent
savings in carbon dioxide emissions. In 2012 this
amounted to about 2 111 million kg (arising from
reduced fuel use of 791 million litres). Over the period
1996 to 2012 the cumulative permanent reduction in
fuel use is estimated at 16 736 million kg of carbon
dioxide (arising from reduced fuel use of 6 268 million
litres); The use of ‘no-till’ and ‘reduced-till’ (4) farming
systems. These production systems have increased
significantly with the adoption of GM HT crops
because the GM HT technology has improved growers
ability to control competing weeds, reducing the need
to rely on soil cultivation and seed-bed preparation
as means to getting good levels of weed control. As
a result, tractor fuel use for tillage is reduced, soil
quality is enhanced and levels of soil erosion cut. In
turn more carbon remains in the soil and this leads to

lower GHG emissions. Based on savings arising from
the rapid adoption of no till/reduced tillage farming
systems in North and South America, an extra 6 706
million kg of soil carbon is estimated to have been
sequestered in 2012 (equivalent to 24 613 million
kg of carbon dioxide that has not been released into
the global atmosphere). Cumulatively, the amount of
carbon sequestered may be higher than these estimates
due to year-on-year benefits to soil quality;however
it is equally likely that the total cumulative soil
sequestration gains have been lower because only a
proportion of the crop area will have remained in no-
till and reduced tillage. It is, nevertheless, not possible
to confidently estimate cumulative soil sequestration
gains that take into account reversions to conventional
tillage because of a lack of data. Consequently, our
estimate of 203 560 million kg of carbon dioxide not
released into the atmosphere should be treated with
caution.

Placing these carbon sequestration benefits within the
context of the carbon emissions from cars, Table 8 shows
that: In 2012, the permanent carbon dioxide savings
from reduced fuel use were the equivalent of removing
0.94 million cars from the road;The additional probable
soil carbon sequestration gains in 2012 were equivalent
to removing 10.94 million cars from the roads;In total,
in 2012, the combined GM crop-related carbon dioxide
emission savings from reduced fuel use and additional
soil carbon sequestration were equal to the removal
from the roads of 11.88 million cars, equivalent
to 41.38% of all registered cars in the UK;It is not
possible to confidently estimate the probable soil carbon
sequestration gains since 1996. If the entire GM HT
crop in reduced or no tillage agriculture during the last

Table 8 Context of carbon sequestration impact 2012: car equivalents

Permanent carbon
dioxide savings
arising from reduced

Permanent fuel
savings: as average
family car equivalents

Soil carbon
sequestration
savings:as average

Potential
additional soil
carbon sequestration

Crop/trait/country fuel use (million removed from the savings (million family car equivalents
kg of carbon road for a year kg of carbon removed from the
dioxide) ('000s) dioxide) road for a year ("000s)

US:GM HT soybeans 210 93 1070 475
Argentina:GM HT soybeans 736 327 11 186 4972
Brazil GM HT soybeans 394 175 5985 2 660
Bolivia, Paraguay, Uruguay:
GM HT soybeans 156 69 2365 1 051
Canada:GM HT canola 203 90 1024 455
US:GM HT corn 210 93 2983 1326
Global GM IR cotton 45 20 0 0
Brazil IR corn 157 69 0 0
Total 2111 936 24 613 10 939

Notes: Assumption: an average family car produces 150 grams of carbon dioxideper km. A car does an average of 15 000 km/year and

therefore produces 2 250 kg of carbon dioxide/year
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seventeen years had remained in permanent reduced/
no tillage then this would have resulted in a carbon
dioxide saving of 203 560 million kg, equivalent to
taking 90.5 million cars off the road. This is, however,
a maximum possibility and the actual levels of carbon
dioxide reduction are likely to be lower.

6 Concluding comments

Crop biotechnology has, to date, delivered several
specific agronomic traits that have overcome a number
of production constraints for many farmers. This has
resulted in improved productivity and profitability for
the 17.3 million adopting farmers who have applied the
technology to 160 million hectares in 2012.

During the last seventeen years, this technology
has made important positive socio-economic and
environmental contributions. These have arisen even
though only a limited range of GM agronomic traits
have so far been commercialised, in a small range of
crops.

The crop biotechnology has delivered economic
and environmental gains through a combination of
their inherent technical advances and the role of the
technology in the facilitation and evolution of more
cost effective and environmentally friendly farming
practices. More specifically: the gains from the GM
IR traits have mostly been delivered directly from the
technology (yield improvements, reduced production
risk and decreased use of insecticides). Thus farmers
(mostly in developing countries) have been able to
both improve their productivity and economic returns,
whilst also practising more environmentally-friendly
farming methods; the gains from GM HT traits have
come from a combination of direct benefits (mostly
cost reductions to the farmer) and the facilitation of
changes in farming systems. Thus, GM HT technology
(especially in soybeans) has played an important role
in enabling farmers to capitalise on the availability of
a low cost, broad-spectrum herbicide (glyphosate) and,
in turn, facilitated the move away from conventional
to low/no-tillage production systems in both North
and South America. This change in production system
has made additional positive economic contributions

to farmers (and the wider economy) and delivered
important environmental benefits, notably reduced
levels of GHG emissions (from reduced tractor fuel
use and additional soil carbon sequestration); Both IR
and HT traits have made important contributions to
increasing world production levels of soybeans, corn,
cotton and canola.

In relation to GM HT crops, however, over reliance
on the use of glyphosate by some farmers, in some
regions, has contributed to the development of weed
resistance. As a result, farmers are increasingly
adopting a mix of reactive and proactive weed
management strategies incorporating a mix of
herbicides. Despite this, the overall environmental and
economic gain from the use of GM crops has been, and
continues to be, substantial.

Overall, there is a considerable body of evidence, in
peer reviewed literature, and summarised in this paper,
that quantifies the positive economic and environmental
impacts of crop biotechnology. Readers are encouraged
to read the peer reviewed papers cited in the references
section of the main report this summary is taken from,
and the many others who have published on this
subject, and to draw their own conclusions.

Notes

(O The total number of reference sources used totals about 150,
most of which are from peer reviewed journals

@ The cost of the technology accrues to the seed supply chain
including sellers of seed to farmers, seed multipliers, plant
breeders, distributors and the GM technology providers

® This reflects the very good levels of Heliothis/Helicoverpa
(boll and bud worm pests) 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 insecticides) and the associated
environmental gains from reduced insecticide use

@ No-till farming means that the ground is not ploughed at
all,While reduced tillage means that the ground is disturbed less
than it would be with traditional tillage systems. For example,
under a no-till farming system, soybean seeds are planted
through the organic material that is left over from a previous

crop such as corn, cotton or wheat
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