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Motivation and Objectives

* |[ndia’s agricultural sector has experienced rapid
growth since the beginning of the green revolution in
the mid-sixties. This growth was facilitated by policy
support, new production technologies and public
Investment in irrigation infrastructure.

= By some estimates, agricultural activities account for
some 15 percent of India’s total emissions;

» Are there cost-effective opportunities for reduction in
agricultural emissions to lower India’s overall
emissions?
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Motivation and Objectives

= Offsets in agriculture could provide large emitters,
from other sectors, with a cost-efficient transition
paths to less emission intensive production systems.

*= Pursuing a strategy of agricultural offsets may also
have a range of complementary benefits: water saving
practices, more efficient fertilizer use, adoption of
Improved cultivars, better cattle feeds etc.

= Co-benefits: Improve agricultural sector productivity
and sustainabillity.
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Motivation and Objectives

= Quantify the scope for cost-effective
mitigation within India’s agricultural sector
(food-crop production) in response to
government and/or industry payments.

= Verification and sensitivity analysis of
results through two case studies: Punjab
and Bihar.
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Technical Approach

= Essential components are:

 IMPACT model: a global, partial equilibrium, model of
agricultural commodities

« A spatially-explicit model of land use choices which
captures the main determinants of land use choices

« Crop model to simulate yields, GHG emissions, and
changes in soil organic carbon

Output: spatially-explicit, country-level
results that are embedded in a framework

that enforces consistency with global
outcomes.
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Modeling Sequence

= IMPACT provides crop areas given local and
global supply and demand equations,

= Land use model uses its probabilistic output to
determine where "most likely” crops are grown,

= Crop model:

* Yields

« Carbon dioxide (CO,, from mineralization of organic matter)
* Nitrous oxide (N,O)

* Methane (CH,)

e Soil organic carbon (SOC) accumulation/depletion.
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INDIA According to IMPACT
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Simulated Cropping Systems

Cropping system Karif Rabi
Groundnut-wheat Groundnut Wheat
Maize-wheat Maize Wheat
Pearl millet-wheat Pearl Wheat
Rice-fallow Rice fallow
Rice-pulses Rice pulses
Rice-rice Rice Rice
Rice-wheat Rice Wheat
Sorghum-wheat Sorghum Wheat
Soybean-wheat Soybean Wheat

Source: Efficient alternative cropping systems. Gangwar and

Singh
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Simulated Practices

Management
technique Description

Prior to first crop in rotation tillage to 30cm depth;
subsequent tillages (following each crop in rotation) to
10cm depth. fertilizer N applied as urea on plant date;
manure applied on plant date

Conventional

No-till Tillage only mulches residue

Rice paddy is initially flooded to 10 cm — water level is
AWD reduced at rate of -0.5 cm/day to -5cm and then re-
flooded at rate of 0.5 cm/day till to 10 cm

Tillage only mulches residue
50% of chemical fertilizer N replaced with organic
fertilizer N (manure)

No-till + organic
fertilizer (manure)

AV,
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Output

» GHG emissions, Soil Organic Carbon (SOC) and
Global Warming Potential (GWP) for each
cropping system and for each management
practice;

* Yields for each cropping system and for each
management practice;

= Given producer prices and production costs,
relative profitability of each management practice
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Technical Mitigation Potential
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Change in GWP (CO.,eq) with No Till
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' The Averége change in GWP
for No Till i1s rather low: |
0.72 Mg CO.eq hat yrt
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Change in GWP (CO.,eq) with No-Till + Organic

(o P ST
The Average change In GWP
for No Till + Organic;

2.46 Mg C2eq ha™t yr?
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Change in GWP (CO.eq) with AWD
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Countrywide Analysis

= Basic data on output prices (countrywide) and
production costs (statewide) taken from the
Agricultural Statistics, 2013. Ministry of Agriculture,
Department of Agriculture and Cooperation,
Directorate of Economics and Statistics.

= Extensive search of published, and not yet published,
data on changes in production costs related to
adoption of alternative agricultural practices.
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Effects of alternative budget allocation to
mitigation efforts in food-crop production

Total Implementation Cost

Per hectare compensation Per ton of CO,eq compensation

10 Million 20 Million 50 Million 10 Million 20 Million 50 Million
US$ yrt US$ yrt US$ yrt US$ yrt US$ yrt US$ yrt

Total GWP reduction 45.2 46.1 48.0 45.6 46.4 48.8
(TgCO,eq yr)
Implicit price per Mg 0.22 0.43 1.41 0.22 0.43 1.02

carbon sequestered

(US$ MgCO2eq? yrt)
Total Area Converted to 11.9 12.2 13.2 11.0 12.0 12.7

Alternative Practice

(Million ha)
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Adoption of mitigation practices with the
UD$ 10 million budget

o-Till + Organic
Page 22
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A Look at Mitigation Costs

= Some complications

State Crop System Change in Net Revenue

(US$ hatyr?)

No-till AWD No-till +
Organic
—

Orissa rice-rice 7.55 19.47 -351.35
(41.10) (55.70) (42.60)

~

Punjab rice-wheat 49.09 -17.83 -68.40
(38.22) (33.88) (45.64)

% Page 24

[FPRI




\ INTERNATIONAL FOOD POLICY

i RESEARCH INSTITUTE
i

Supported by the CGIAR

l FPRI ° www.ifpri.org

DOWNSCALED
RESULTS



Improving Cost Estimates by Focusing on
Case Studies

[ Countrywide Simulations }

|

Statewide Simulations
Bihar and Punjab

|

E Household Simulations }

Bihar
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"™ Improving Cost Estimates by Focusing on
Case Studies

Crop model calibrated [

on state-level statistics,
revised fertilization
rates, revised costs of
production.

Statewide Simulations
Bihar and Punjab

Analysis based on
household level data Household Simulations
from second generation Bihar

Village Level Studies

(ICRISAT)




Statewide Simulations
Bihar and Punjab

Bihar Punjab
US$2 US$2
hatlyr?! hatyr?!
Total GWP reduction
(TgCO,eq yrl) 0.8 3.3
Implicit price per Mg carbon
sequestered 31 06
(US$ MgCO2eq? yrt)
Total Area Converted to
Alternative Practice 19 10
(Million ha)
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Household-level Simulations
Bihar

= Simulation based on 50 surveyed plots

* Preferred practice evenly split between No-Till and
AWD

= Cost per ton of CO,e abated:
* No-Till — mean: $27, min $0, max: $84
 AWD — mean-$13—minr-$0+—ma-3$1.8

@-TI” + Organic — mean: $115, min: $62, ma@
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Responses to Climate Extremes
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Climate Smart Agriculture assessment
(compared to baseline)

SOC Productivity
GWP _ N Resilience to Net Revenue
(~sustainability)  gy{reme Drought

No Till + + - +/-
Org. Fert. + Tt 4t T+ - -

No Till

AWD +++ N/A + +/-
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Conclusions

= Countrywide analysis indicates the existence of low-
cost mitigation opportunities in food-crop production;

* Downscaled analysis confirms qualitative results;
= Substantial spatial heterogeneity in the results:

 Interventions need to be properly targeted
« and instruments to induce adoption need to be flexible;

= Barriers to adoption (risk, lack of credit, etc.) are an
Integral part of the problem;

= Which agronomic practice is “the best” depends not
only on location but also on who performs the
evaluation and the objectives.
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