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% Business as Usual: Challenges

IFPRI

Challenges

e Climate change
Water scarcity
Biofuel demand
Income
Population growth

T

Growing threats to:
e Land * Water
« Environmental preservation  Biodiversity

. 4

Enhanced investment in agricultural research + technological
change ‘ Game-changer for productivity and food security

Lack sufficient knowledge on
» Disaggregated impacts of specific technologies by country
« Agroclimatic zone

v
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High and Volatile Food Prices

Global cereal prices (US$/ton)

%001 —Maize Beef
ﬂ —Wheat Pork
600 | —Rice Lamb
\ Poultry
Milk
400

Rice
Wheat
200 Maize
Soybean
Rapeseed

0 ‘ ‘ ‘ ‘ ‘

@Qb @é @Q% &*& @\Q @\\ @& @0

Source: Data from FAO 2013

Projected changes in global agricultural
commodity prices, 2010-2050 (%)
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Source: Rosegrant et al. 2013

Notes: The changes are for business as usual scenario
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Technology Assessment Scope

* Global & Regional

= Eleven
technologies

= Three Crops
 Wheat
* Rice
 Maize

No-Tillage

Integrated Soil Fertility
Management

Organic Agriculture
Precision Agriculture
Crop Protection

Drip Irrigation

Sprinkler Irrigation
Water Harvesting
Drought Tolerance
Heat Tolerance
Nitrogen Use Efficiency




7

IFPRI

Agricultural Technologies

No-till: Minimal or no soil disturbance, often in combination with
retention of residues, crop rotation, and use of cover crop

Integrated soil fertility management: A combination of chemical
fertilizers, crop residues, and manure/compost

Precision agriculture: GPS-assisted delivery of agricultural inputs
and low-tech management practices aim to control all field
parameters (input delivery, plant spacing, water level)

Organic agriculture: Cultivation with exclusion of or strict limits on
use of manufactured fertilizers, pesticides, growth regulators, and
genetically modified organisms

Water harvesting: Water channeled toward crop fields from
macro- or micro-catchment systems, or use of earth dams, ridges,
or graded contours

Drip irrigation: Water applied as a small discharge directly around
each plant or to the root zone, often using microtubing
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Sprinkler irrigation: Water distributed under pressure through
pipe network and delivered to the crop via overhead sprinkler
nozzles

= Heat tolerance: Improved varieties showing characteristics that
allow the plant to maintain yields at higher temperatures

= Drought tolerance: Improved varieties showing characteristics
that allow the plant to have better yields compared with regular
varieties due to enhanced soil moisture uptake capabilities and
reduced vulnerability to water deficiency

= Nitrogen-use efficiency: Plants that respond better to fertilizers

= Crop protection: The practice of managing pests, plant diseases,
weeds and other pest organisms that damage agricultural crops




“# Modeling Tools

= DSSAT

* Biophysical model - assesses impact of single technology or
technology mix

I Productivity (yields)
1 Resource use (water, N losses)

= IMPACT

* Global economic agricultural model - assesses changes in
productivity due to technology adoption

1Food production, consumption, trade
I International food prices
1 Calorie availability, food security




M DSSAT Crop Models

= Simulate plant growth and crop yield by variety day-by-
day, in response to

— Temperature

— Precipitation

— Soll characteristics

— Applied nitrogen

— CO, fertilization

— Other management factors

= DSSAT-based simulations at crop-specific locations
(using local climate, soil and topographical attributes)



M High Resolution of Analysis

60 x 60km GRID MODEL

2, | L -

Resolution of Grid:
= 30 arc-minute, or 0.5 degree (60 km by 60 km)

= 95,280 cells globally

= 21,385 cells covering crop land extent for three crops
simulated in this study




M Management Scenarios

» Business-as-usual scenario

« Country/crop/input system-specific inorganic fertilizer application
rate

* Furrow irrigation, where irrigation is adopted

* Sub-optimal planting density & sub-optimal planting window

« Conventional tillage, where no-till is not yet adopted

* Representative, optimal varieties based on agro-ecological
conditions

« Current, actual yield loss due to biotic constraints

* Technology scenarios
» Specific representation of each technology
» Area of adoption in 2050 depends on positive yield impact of
technology

* Climate change scenarios 2050s
« MIROC A1B (used in this presentation)
- CSIRO A1B
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= |ncreased root volume

* Implemented by increasing i
root growth factor parameters |

= Enhanced root water
extraction capability

* Implemented by decreasing lower limit of
available soil moisture parameters

B For mailze laecce cancitive tn AU
1 \W J | IIIMIL\J’ INV I I T JIJIILIV L L\UJ 7 \JJI

Simulated Yield

(anthesis to silking interval) Sensitve v, Tolerant
* Implemented by modifying the g P
existing model to have differential 3%~ o
ASI as a cultivar trait, driven by~ 332~ — s
shoot growth rate* S ®m b4 08 o8

Irrigation fraction of fully irrigated

*In collaboration with Ag. Bio. Engineering Dept., University of Florida
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DSSAT

Crop model (DSSAT) Ilnked with Global Partial

IMPACT

é )

Food demand and
supply
Effects on world

r )
Technology strategy
(combination of different
practices)

\ J
4 N\
Corresponding
geographically
differentiated yield
% effects )

food prices and
trade

Food security and
malnutrition

\_ J




M IMPACT Model

Disaggregated agricultural commodities (56 commodities)

= Disaggregated spatial allocation of crop production at sub-
national level (159 countries, and 320 food production
units)

= Details on physical use of land and water, trade policies,
with resulting trade

= World food prices are determined annually at levels that
clear international commodity markets

= [terative year-by-year demand and supply equilibration

= Qutput indicators — area, yield, and production of crops
and livestock, food demand, food prices, calorie
availability, international trade, malnutrition measures,
share of population at risk of hunger, water consumption




M IMPACT Model

Crop area Is a function of crop prices, irrigation
Investment, water input, climate change

= Yield is a function of crop price, input prices, irrigation
Investment, water inputs, exogenous yield growth,
climate change, technology adoption

= Food demand is a function of commodity prices,
Income, and population

= Feed demand is a function of livestock production,
feed prices, and feeding efficiency

= Biofuel demand is computed based on policy
mandates and targets
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Global DSSAT Results

] - -

MAIZE RICE WHEAT
Drought Tolerance (DT) ] 5% 12% _16%
Heat Tolerance (HT) I 132% [16% I 20%
Integrated Soil Fertility Management (FM) ] 9% . 121% . 114%
N Use Efficiency 1 16% D 34% I 1%
No-Till (NT) I 28% I 32%
E Precision Agriculture (PA) __]8% _ 118% . ]26%
8 Water Harvesting (WH) | 4% | 1%
QE‘ Irrigation - Drip ] 1% 7%
Irrigation - Sprinkler || 1% B 4%
Organic Agriculture | 0% | 0% | 0%
Crop Protection (Diseases) __] 7% __19% —110%
Crop Protection (Insects) ___]9% _17% ~_17%
Crop Protection (Weeds) 1 12% 8% 7%

0% 20% 40% 0% 20% 40% 0% 20% 40%

Yield Impact Yield Impact Yield Impact
Source: Rosegrant et al. 2014.
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M NO-TIL

L: Long term management Is

= We assume farmers continue practicing no-till for 40
years; yield impact is calculated for the end period
(years from 31 to 40)

= What if farmers stop practicing no-till?

Dramatically smaller impact

CSIRO A1B

MIROC A1B

Mo-till for 10 yrs + Tillage for 30 yrs
Mo-till for 20 yrs + Tillage for 20 yrs
Mo-till for 30 yrs + Tillage for 10 yrs
Mo-till for 40 years

Mo-Gll for 10 yis + Tillage: for 30 yrs
Mo-till for 20 yrs + Tillage for 20 yrs
Mo-till for 30 yrs + Tillage for 10 yrs
Mo-till for 40 years

MAIZE WHEAT
RRIGATED RAINFED IRRIGATED

| 1% | 0% 2%
| 1% | 1% 14%

14% 13% —]10%
—]23% 168% —121% —161%
| 1% | 1% | 0% | 1%

| 1% ] 2% | 1% 12%

14% 8% 13% 8%

—]20% 168% —]23% —159%

0% 50% 100% 0% 50% 100% 0% 50% 100% 0% 50% 100%
Yield Impact Yield Impact Yield Impact Yield Impact
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Reglonal DSSAT Results Maize:

N Use Efficiency Int. Soil Fertility Mgt. (FM) No-Till (NT)

Caribbean Il 12% R 26% R 27 %
Central Africa ”—116% —19% . 136%
Central America | | 44% —115% \ | 58%
Central Asia 0 5% | 0% I116%
East Africa I 17% B 21% I 33%
East Asia I 24 % 8% I 34%
Eastern Europe 1 8% 12% \ ] 42%
0 North Africa T 152% T116% 6%
< North America I 8% 11% I 21%
8 Oceania | 0% 12% | 0%
=  South America B 4% 0 4% 6%
South Asia 71 22% 4% 3%%
Southeast Asia —___118% —120% — 130%
Southern Africa I 40% I 13% I 57%
Southern Europe Bl 6% 12% I 16%
West Africa —__112% T 128% 2%
West Asia 71 29% 1% AT
Western Europe ] 6% | 0% —119%
0% 20% 40% 60% 80% 0% 20% 40% 60% 80% 0% 20% 40% 60% 80%
Yield Impact Yield Impact Yield Impact

Source: Rosegrant et al. 2014.
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Regional DSSAT results,

Drought Tolerance, Heat Tolerance and Cro

2050, compared to baseline

Caribbean [l 5%
Central Africa ”16%
Central America ] 5%
Central Asia
East Africa Il 7%
East Asia l 3%
Eastern Europe 3%
North Africa ] 5%
North America B 3%
Oceania ]4%
South America [l 5%
South Asia T 5%
Southeast Asia __] 6%
Southern Africa 0 4%
Southern Europe H 4%
West Africa 7%
West Asia T 5%
Western Europe 5%

0%

MIROC A1B

Source: Rosegrant et al. 2014

20%

Yield Impact

Drought Tolerance (DT)

40%

60%

Heat Tolerance (HT)
B 1%

7%

—28%
I 27%

B 6%

I 35%
5%

T 124%
I 55%
T 122%

I 31%
50%
—120%
9%

B 5%

120%
T 134%
—15%

0% 20% 40%
Yield Impact

60%

Maize:

Protection

Crop Protection (Diseases)
B 1%
—112%

—_18%

I 10%

B 1%

B 5%

—110%

7%

B 4%

15%

B 8%

112%
—_110%

1 10%

B 5%

— 114%
110%

13%

0% 20% 40%
Yield Impact

60%



% Efflc:lent Use of Resources
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Irrlgated VS. Ralnfed, 2050 VS. Basellne (DSSAT)
RAINFED IRRIGATED
% Diff.in N lost [GRAY] 9 Diff. in N lost [GRAY]
-80% -60% -40% -20% 0% 20% 40% 60% -30% -60% -40% -20% 0% 20% 40% 60%
MAIZE N Use Efficiency -25% :.s% -66% | -19%
o No-Till -33% |:- 12% -81% | :-25%
§ RICE N Use Efficiency -49% | .9% -56% | -31%
s

WHEAT N Use Efficiency -10% |:I 5% -15% |:- 13%
2o [T P e

-80% -60% -40% -20% 0% 20% 40% G60% -80% -60% -40% -20% 0%  20% \40% 60%

% Diff in N lost
[ % Diff. in N productivity % Diff. in N Productivity [GREEN] % Diff. in N Productivity [GREEN]

(Compared to the business-as-usual)
29% less nitrogen losses

Benefits include reduced N losses, > 28% more N productivity
iIncreased N productivity, reduced
GHG emissions.

Source: Rosegrant et al. 2014.
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% Diff. in Irrigated Water [BLUE]

Crop s aation Type -30% 20% -10% 0% 10% 20%
MAIZE =<500mm  Sprinkler Irrigation -12% _ 9%
Drip Imigation -26% _ 20%
== /00 mm  Sprinkler lrrigation -11% - 3%
Drip lmigation -23% _ 6%
WHEAT =500mm  Sprinkler Irrigation -13% _ 10%
Drip Irigation -28% I 22%
== 800 mm  Sprinkler Irrigation -T% i
Drip lmigation -16%
% Diff. in Imigated Water -30% -20% -10% 10% 20%
. % Diff. in Water Productivity % Diff. in Water Productivity [GREEN]

(Compared to the conventional furrow irrigation)

: : 28% less water applied
Prominent impacts of -
; _ ; - 22% more water productivity
Improved Irrigation Technologies

» |ncreased water savings (less water used)
» |ncreased water productivity (more biomass produced per unit water input)

Source: Rosegrant et al. 2014.






M Adoption Pathway Ceilings (%)
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Drought tolerance 80

Heat tolerance 75
Nitrogen-use efficiency 75

i No-till 70
dé Integrated soil fertility management 40
Water harvesting 40

s, Drip irrigation 40
.& Sprinkler irrigation 40
Precision agriculture 60

Crop protection-diseases 50

Y Crop protection-weeds 50

Crop protection-insects 50



e in Total Production,
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2050 with Technology vs. 2050 Baseline (IMPACT)

2050

wheat
I 3.5%
I 10.7%

maize rice
I 8.0% I 125%
_ 10.6%

Nitrogen use efficiency

No il -0.6%|

Precision agriculture

M 3.0%

B 52%

B 54%

Heat tolerance - 4.6% . 1.7% - 4.6%
Integrated soil fertility management B 18% B 42% H21%

Crop protection - weeds M 31% 6% H21%

Crop protection - diseases . 21% . 1.8% . 2.4%

Crop protection - insects . 2.5% . 1.6% . 1.7%

Drought tolerance ] 0.7% 0.1% ] 0.7%

Drip irrigation | 0.1% 0.0% | 0.7%

Sprinkler irrigation | 0.1% 0.0% | 0.4%

Water harvesting | 0.1% 0.0% | 0.1%

0% 10%  20% 0% 10%  20% 0% 10%  20%

% Difference in Avg. Production % Difference in Avg. Production % Difference in Avg. Production

Source: Rosegrant et al. 2014.



® No-Till M Drought tolerance

¥ Heat Tolerance M Nitrogen Use Efficiency

M Integrated Soil Fertility Mgt W Precision Agriculture

™ Water Harvesting ™ Irrigation - sprinkler
Irrigation - Drip ™ Crop Protection

Source: Rosegrant et al. 2014.
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Source: Rosegrant et al. 2014.
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Source: Rosegrant et al. 2014







% Key Messages

= Adoption of this set of technologies significantly
reduces projected food prices in 2050 compared to
climate change baseline

= Farmer adopters will increase real income because
technological change is faster than price decline

P Vel el Fa l‘

= Number of people at risk of hunger could be reduced
by 36% in 2050 compared to baseline with adoption of
combined technologies under feasible adoption

pathways



% Key Messages

Improved land management (No-till, precision agriculture,
Integrated soil fertility management)
 Large yield impacts in many regions
= Nitrogen use efficiency in new varieties
 Strong yield impacts
* Reduces negative environmental impacts from fertilization

Heat tolerant varieties
» Reduce projected negative impacts of climate change

= Drought tolerant varieties

» Perform as well as susceptible varieties under no
drought stress

« Significant yield benefits under drought conditions




% Key Messages

Crop protection has strong positive yield impacts

= Technology impacts are higher with irrigation

= Large regional differences in agricultural technology
Impacts

= |mportant to target specific investments to specific
regions

* Heat tolerance to North America and South Asia
* Drought tolerance to LAC, MENA, SSA
* Crop protection to SSA, SA, and Eastern Europe
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Key Messages

= Organic agriculture is not a preferred strategy for the
3 crops; has a role in niche high-value markets

= Given growing natural resource scarcity, technologies
that reduce resource use are important:

* No-till

Integrated soil fertility management

Nitrogen use efficiency

Precision agriculture

Drip and sprinkler irrigation




Conclusions and Policy
Implications
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Building Sustainable Productivity Growth and

20 v 1T al al'td O0U \/ -

1. Accelerate investments in agricultural R&D
for productivity growth

2. Promote complementary policies and
Investments

& || 3. Reform economic policies
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1. Accelerate Investments in Agricultural R&D

Invest in tech nologies for Global public spending on agric. R&D, 2008 (%)
= Crop and livestock breeding oo e 1 0 i i o
e High-yielding varieties

e Biotic- and abiotic-stress

resistant varieties
" Modernize breeding programs
- in developing countries

ué through provision of
genomics, high throughput iy o 1 o B

geENE-sequencing, bio- R&D INVESTMENTS PAY OFF...
informatics and computer 176%

‘i{- tools 136%
- " GMOs where genetic variation .
does not exist in the crop ’
* Nitrogen use efficiency _’
@ * Drought, heat and salinity ~ PRODUCTIVITY GROWTH 1970-2009
tolerance '
e Insect and disease resistance

Africa south of the Sahara: 5%

|- China: 13%

India: 7%

Other Asia & Pacific 5%

Bral: 4%

DOther Latin America & Caibbean: 6%

West Asia & North Africa: 6%

Eastern Europe & former Soviet States: 3%

Source: ASTI 2012




%M 2. Promote Complementary Policies and
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" [nvest in rural infrastructure and irrigation

" [ncrease access to high-value supply chains and
markets e.g. fruits, vegetables, and milk

= Regulatory reform: Reduce hurdles to approval
de and release of new cultivars and technologies
e Remove impediments (e.g. restrictive “notified” crop
lists, excessive testing and certification
& requirements, foreign investment barriers, ad hoc
biosafety decision-making)
= Extension of farming systems: minimum tillage,
(% integrated soil fertility management, integrated
pest management, precision agriculture



% 3. Reform Economic Policies

= Support open trading regimes to share
climate risk

= Use market-based approaches to manage
water and environmental services combined
with secure property rights

= Reduce subsidies that distort production
™ decisions and encourage water use beyond
< economically appropriate levels

e Fertilizer, energy, water subsidies

e Savings invested in activities that boost farm
output and income
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U Online Tool with Downloadable Data

http://apps.harvestchoice.org/agritech-
toolbox/

Irrr
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