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Sustainable Agricultural Productivity

Sustainability

= systems

strengthening Good Governance &

Policy Environment
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Alignment with Existing Frameworks
Sustainable Agriculture
CAADRP Pillar 1
MDG 7

Millennium Ecosystem
Assessment Framework

Pro-poor Development
Sustainable Livelihoods
CAADP Pillars 2 & 3
MDG 1

IFAD objectives

Human Development
Indicators

CAADP Pillar 2

MDG 1

Private Sector Strengthening
Public-Private Partnerships

Value Chain & Systems
Strengthening
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Components of Ecological Sustainability

Elements

Soll health

Water quality &
availability

Air quality
Pests

Plant genetic
resources

Energy use

Human & animal
health
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Goals

Environmental health
Sustainable land use

Crop & animal
diversification

Ecological resilience
& biodiversity

Sample Measures
% of land with
eroded soill

Ground & surface
water consumption

Metal & chemical
pollutants and
residue

Abundance of wild
species

CO, emissions

Length of fallow




Components of Sustainable Social
Development

Elements Goals Sample Measures
Income Social & economic Share of the poorest
Nutrition empowerment quintile in national
. iIncome
Market access Gender equity -
_ Pro-poor growth Gender ratio in
Access to education, cducation & income
iInformation, Reduced hunger _
Length of the lean period
technology, & More equitable | |
financial services access to markets Proportion of population
Household Asset building rTwaInourlshed N
production Child health & nutrition
_ Income
strategles diversification easres
Gender Poverty gap ratio
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Components of Economic

Sustainability

Elements
Agricultural
Productivity

Input, output & labor
markets

Infrastructure &
transport

Food prices
Rural-urban linkages

Gender (especially
female-headed
households)

Goals

Increased
productivity of
inputs

Growth in agricultural
value added

Increased on-farm
income

Pro-poor value chain
linkages

Well functioning
product & factor
markets
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Sample Measures

Agriculture value
added

Partial factor
productivity in
inputs

Total and multi-factor
productivity

Private sector
participation

Food price level &
volatility




The Case for Agricultural Productivity

AGlobal grain demand is projected to double by 2050.

AAgricultural practices determine both food
production and environmental quality.

AAgriculture employs more people and uses more
land and water than any other human activity.

AThe impact of agricultural production on ecosystems
and human welfare depends on the decisions made
by more than 2 billion people whose livelihoods
depend directly on crops, livestock, fisheries or
forests.
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To achieve sustainable agricultural
productivity:




Evidence for Productivity Growth through
Sustainable Agriculture

Table 3. Summary of adoption and impact of a_g:ric:ultural sustainability technnlngE and practices on 286 projects in 57
countries.

no. of hectares

no. of farmers under sustainable average % increase

FAQO farm system category” adopting agriculture in crop yields®
smallholder irrigated 177 287 357 940 129.8 (+21.5)
wetland rice 8711236 7007 564 223 (+2.8)

smallholder rainfed humid 1 704 958 1081071 102.2 (+£9.0)

smallholder rainfed highland 401 699 725535 107.3 (+£14.7)
smallholder rainfed dry/cold 604 804 737 896 99.2 (+12.5)
dualistic mixed 537 311 26 846 750 76.5 (+£12.6)
coastal artisanal 220000 160 000 62.0 (+20.0)
urban-based and kitchen garden 207 479 36 147 146.0 (+32.9)
all projects 12564774 36952903 79.2 (+£4.5)

* Farm categories from Dixon er al (2001).

" Yield data from 360 crop-project combinations; reported as % increase (thus a 100% increase is a doubling of yields). Standard errors in

brackets.

Pretty, 2008 based on data from Pretty et al, 2006

Agricultural sustainability technologies include: integrated pest management, integrated nutrient
management, conservation tillage, agroforestry, aquaculture, water harvesting, and livestock

integration

% Change = change from before implementing a sustainable technology project to after, metastudy

of individual intervention studies




Key Linkages

Conceptualizations of sustainability include multiple
Influences and feedback loops between activities,
sectors and outcomes, resisting a simple depiction.

For example:

Natural Resource

Stewardship in msp (F;rr(())va{ﬁtIVIty ey
Agriculture

~_

Economic
Growth




Key Linkages

AAgricultural sustainability can improve productivity

ABest farmland is already in use so further area expansion
would occur on marginal land that is:

1 Unlikely to sustain high yields
1 Vulnerable to degradation

AOvercoming current resource constraints requires greater
nutrient-use efficiency through better matching of nutrient
supply and plant demand

AProductivity growth can improve environmental
quality
Alncreasing production intensity decreases reliance on extensive
productivity growth
Almproved incentives can lead to better management
of natural capital
Acan increase production (output) and economic growth
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Economic Definitions of Productivity

APartial factor productivity

ATotal factor productivity

ATotal social factor productivity
AMultifactor productivity measures




Partial Factor Productivity Measures

" Definition: R
AValue of output, or index of outputs, per value of
one input
AAverage productivity of a single factor of
\_ production .

/Examples: A

ACrop yields
ALand productivity
ALabor productivity
\_ AFertilizer efficiency Y




Limits to PFP Measures

APFP is easier to calculate than Total Factor
Productivity (TFP), but

AHard to draw clear policy recommendations based on

PFP alone:

AAs use of one input (e.q. fertilizer) increases, average
productivity of that factor will decline, even as yields increase

APFP of one factor is influenced by use of other inputs.

Alnput use is also affected by relative factor prices, in which
case a decline in PFP may not be cause for concern

AThe i mplicit costs of nownedo f &
own labor or land) are often undervalued by not including the
opportunity cost of not earning wages or renting the land.
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Total Factor Productivity (TFP)

Definition:

AThe ratio of aggregate output to aggregate input

Aln economic terms, TFP measures the average
product of all inputs

Measurement:

ATFP is measured by developing indices of output
and inputs

Alnputs include factors of production
A Land (agricultural land, natural resources)
A Labor (human capital, livestock)

A Capital (the means of production including machinery, tools
and fertilizer)
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Limitations to TFP

ATFP is essentially a 6resi

ATFP is a theoretical concept i real world measures
cannot capture all relevant outputs and inputs. In
particular,

A TFP measurements depend heavily on quality of input
measurements

A Input data are very weak for developing countries
A Difficult to adjust for quality of inputs
A Revenue and factor shares are fixed

Alt is difficult to determine causes of change in TFP,
which could result from

A Changes in macroeconomic conditions
A Degradation of resource base




Total Social Factor Productivity
(TSFP)

Broadens TFP measures to include:
ANon-market inputs and outputs

A Soil erosion, soil fertility, groundwater depletion, cost of
environmental regulation and abatement

AMarket and non-market Inputs valued at long-term
social prices

Challenges to TSFP

APricing inputs at social costs does not correctly reflect
_the farmers profit maximization decision

ASocial prices are rarely available or uncontested

AA better approach might be to improve productivity

and resource quality measurement, then examine
their relationship



Multi-factor Productivity (MFP)

MFP I s the Or eal wor | doc

The challenge:

A How to 6add upd heterogenc
to create a meaningful measures?

A Which index to use? (Laspeyres, Paasche,
Malmquist, etc.)

A Do we measure indexes of qu
or indexes of prices (a o0du

A These are the same only under perfect competition
and constant returns to scale
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Agricultural Productivity

A

)

O




World Bank Agricultural Productivity
Measure:

Agricultural value added per hectare of agricultural
land where:

(1) value added measures the output of the agricultural
sector less the value of intermediate inputs;

(2) agriculture comprises value added from forestry,
hunting, and fishing as well as cultivation of crops and
livestock; and

(3) agricultural land is the sum of arable land, permanent
cropland and permanent pasture.
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Other Measures of Agricultural
Productivity and Food Security

ACrop yields per area
AGaps in actual farm yields vs. potential yields

APotential yields determined by research station
or demonstration plot yields

AYield variability over time or over conditions

AValue of agricultural output per agricultural
household

ANumber of months of food stock on hand
AVolume and value of crop storage losses




Data limitations to economic
measures




Conceptual limitations to economic
measures of productivity




Incorporating Hunger into
Productivity Measures

AAlternative expressions could use energy or caloric
measures in the denominator, rather than yields:

AHousehold labor iInput per nutritional (caloric) value of outputs

1 Labor inputs could be disaggregated by gender and age. This would focus
attention on possibly counter-productive interventions that increase agricultural
yield but increase labor/caloric outputs.

AUnits of animal fodder per caloric value of meat or milk output from
livestock

- This would focus attention on the environmental efficiency of livestock versus
other types of agricultural options (crops, aquaculture) to reduce hunger and
nutrition
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Incorporating Sustainability into
Productivity Measures




Defining Sustainability Draws from a Wide
Body of Interdisciplinary Work

AThere is limited consensus about how to define and

operationalize O0sustainabil
ACommon framework components include:
Asustainable development These frameworks are all

built around the idea of
interconnected systems,
complicating attempts to
distinguish between
component parts.

6 Economic growth

6 Distributional equity

6 Natural capital and environmental resources
6 Poverty reduction

6 Institutional capacity

Asustainable productivity (economic literature):

6 Economic growth
6 New productivity models

Asustainable agriculture & agricultural sustainability

o Ecological sustainability
6 Food security
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Sustainable Development

Our Common Future
The Brundtland Commission Report

AThis report was the fir
devel opment o and the fo
accepted definition:

~
n Sustainable development is development

that meets the needs of the present without
compromising the ability of future
generations to meet their own needs. O

World Commission on Environment and Development, 1987
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Sustainable Development

AThe sustainable development paradigm contains the
following three pillars common across most
frameworks:

A Economic development
A Ecological (environmental) sustainability
A sustainable social development

ASome frameworks stress additional components
(governance, institutions, distributional equity)
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Sustainable Development

Convergence of the three pillars of sustainability
represents an increased sustainable development

Source: Government of Quebec
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FAO and ISEAL Sustainability Framework

Vision
Sustainability means ensuring human rights, well-being and food security without depleting or
diminishing the capacity of the earth's ecosystems to support life or at the expense of others' well-
being. It is a multi-dimensional concept encompassing good governance, social development,
environmental integrity and economic resilience

Dimensions of Sustainability

Social Development Environmental Integrity Economic Resilience

Core Sustainability Issues

Participation
Transparency
Rule of Law
Land & Soil
Air & Climate

Cultural Identity

Prevention of Corruption
Biodiversity & Ecosystems
‘Secure Livelihoods
Inclusive Value Chains

Ongoing Assessment
Resilienceto Economic Risk

Non-Discrimination and Equity
Accessto Education & Knowledge.

Rights (to food, resources & labour rights)
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Economic Sustainability

AAn economy is weakly sustainable if it can maintain
Its aggregate capital stock (its productive base)

1 This sustainability condition includes human capital

1 Implicitly assumes that manmade physical capital is an equal substitute
for natural capital (and can compensate for depreciation of natural
capital)
AAN economy is strongly sustainable if its natural
capital stock is held constant or increases
TAn even strong definition: oOocritiec
be maintained, where

o Critical components include: endangered plant and animal species, essential
ecosystem functions, and other uniqgue phenomena of nature
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Sustainable Productivity

AProductivity growth is tied to technical change, and
both are heavily influenced by investments in
research and development
Asome argue that in the case of chronically malnourished

populations, increasing consumption contributes more to
productivity growth than investment

AAssessing the sustainability of productivity growth
requires adjusting accounting methods to include
ecological components and social pricing
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Sustainable Productivity

ASustainable Productivity can be assessed by total
factor productivity (TFP) and its applied
approximation, multifactor productivity (MFP)
AEstimated productivity growth can be decomposed into three
components:
TAPureo technical change (new techn

6 Shifts production possibilities frontier to a new level of technology
1 Scale effects (efficiency gains through exploiting economies of

scale)

Improvements in the degree of technical efficiency (using existing
technologies to increase efficiency)

6This results in a movement <c¢closer to t
frontier, without shifting the production possibilities frontier
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Limits to Current Productivity Measures

From a TFP perspective, a sustainable system has a
non-negative trend in TFP over a given period

Almplies output is increasing just as fast as inputs

But TFP does not account for non-market outputs and
Inputs such as resource degradation and pollution

A Therefore changes in P mayv not refle hanages in the resource
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Defining Sustainable Agriculture

AWe define sustainable agriculture as practices that
meet current and future societal needs for food and
fibre, for ecosystem services, and for healthy lives,
and that do so by maximizing the net benefit to
society when all costs and benefits of the practices
are considered.

A(Tilman et al, 2002)

Key challenge: how to incorporate and value costs and benefits
of agricultural practices to the environment and to human
well-being
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Sustainable Agriculture Measurement

APotential methodology for incorporating
environmental inputs into productivity measures:

AGraham (2009) environmentally sensitive farm-level
productivity measure

1 Agricultural output requires the use of both private and environmental
(public) inputs

1 Traditional performance measures (financial inputs and marketed
output) can be extended to include all inputs through a systems analysis
of performance

0 Integrating biophysical and economic inputs into the one production model
enables a more comprehensive analysis and enhances the development of a
sustainable agricultural system
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Another Measure of Sustainable
Productivity: Genuine Investment

AEmerging methodology attempts to measure the
sustainability of productivity growth based on the level of an
e C 0 n 0 npenuime investment (Veeman, 2008)
1 Genuine investment defined as a change in the productive base
including all investments and disinvestments in manufactured capital,
human capital, natural capital and the knowledge base

6 Sustainable productivity requires that genuine investment be non-
negative

Most agree that this methodology is still crude and requires research and refinement
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Sustainable Production Requires
Adequate Risk Management

AAdverse shocks (e.g. weather), and inefficient risk
management strategies can decrease productivity
Aself-insurance and risk-sharing are common risk

management strategies for the poor in rural areas
1 This can lead to an inefficient allocation of resources and thus lower
productivity
Alnability to manage variation in production can have severe
welfare consequences for the very poor

Alnterventions working through food, labor or credit markets to
protect the poor from risk and uncertainty have proved
expensive and unsustainable in the past

1 Proposed sustainable approaches to social protection address both
production and consumption (Devereux, 2001)
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Ecological Perspectives on
Sustainability : Resilience

Resilience can be understood as:

AThe speed of return to equilibrium following
perturbation (Pimm, 1984)

AThe size of disturbance needed to dislodge a system
from a stable equilibrium (Holling, 1973)

AFrom an ecological perspective, a development
strategy Is not sustainable if :

Altinvolves a significant risk that the economy can be flipped from a
desirable state (path) into an undesirable state (path), and if that
change is either irreversible or only slowly reversible (Perrings,
2006)




Ecological Perspectives: Ecosystem
Services

AAgricultural production can substantially affect the
functioning of ecosystems, both positively and
negatively
AGrowth in global food production over the past half century

has required trade offs between ecosystem services, resulting
In an overall decline in the supply of these services
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Valuing Ecosystem Services

AEnsuring future agricultural sustainability requires
Incentives (trade or policy-based) to reward
environmental stewardship

Human
management

Agricultural

ecosystems

Robertson & Swinton, 2005
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Sustainability Lenses

Conceptualizing sustainability through lenses: nutrition, gender, environment, and climate change
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Sustainability Lenses

ons of sustall
al productivity |




Nutrition & Sustainable Agricultural
Productivity

Interaction of nutrition and income and impact on agricultural productivity
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Nutrition and Income

A Improved nutrition leads to increased labor productivity;
A Nutrition is a significant determinant of economic productivity.

The Benefits of Improved Nutrition for Economic Growth

—— I T

Direct Effects Indirect Effects
Near term Long term Cognitive ability
(improved intakes) (size, stature) (schooling)

/ Productivity Efficiency Equity

e | Income l

4

ECONOMIC GROWTH AND NATIONAL DEVELOPMENT

Adapted from World Bank, 1993, Investing in Nutrition in Developing Countries Source. FAO
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Nutrition

trition on Pro

calorie and protein inta
pact on wages

tudies suggest iron defici
work capacity

ritional studies suggest t
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Nutrition and Income:

Ongoing debate in the literature on existence and direction
of causal linkages between income and nutrition.

Impact of income on nutrition: Impact of nutrition on income:

A Among poor households there A Depends on the nature of work;
IS a positive correlation A Protein shown to be more
between expenditure and correlated with wages than just
calorie intake, until a certain calorie intake;
threshold of intake is reached,; A Only at extremely low levels of

A Evidence suggests income calorie intake is nutrition shown
policies could impact nutrition to affect productivity;
and intake to some extent, A Because of impact of protein,

A However income is not a raising diet quality has been

panacea. shown to have high returns.




Nutrition Measurement:

Measuring nutrition availability versus intake:
AAvailability: infer intake from food purchased and own
production

A much easier to measure, however potentially less accurate

Alntake: collect information on actual meals consumed
(and ingredients used)

A relies on recall and therefore raises questions of reliability

Nutrition indicators:
AAnthropometry (e.g. height and weight)

ANutrient intakes
A Calories consumed
A Protein intakes
A Other micro- and macronutrients (e.g. iron)
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Summary of Important Concerns
Related to Nutrition Measurement:

AHow calories are calculated
AHow income is defined
ARole of measurement error
AValidity of measurements
AHousehold composition
AAdults eat more than children and men more than

women

AOverall findings related to nutrition differ according
to gender

AQuantity of calories does not reflect quality




Gender & Sustainable Agricultural
Productivity

Impact and components of gender related to agricultural productivity

















































