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Technology outline

I. Technological change overview:
• Why does it matter? 
• How do we measure it? 
• What is its source?
• Do we have enough of it?

II. The Green Revolution; Technological change in 
developing countries

III. Biotechnology



Agricultural Technology and 
Development: a Framework



Cereals productivity vs price trends

Source: Alston and Pardey



Share of household income spent on 
food, selected countries

FAO Food Security Statistics and World Development Indicators



Consumers, Hunger and Malnutrition

Alston and Pardey (2010)



• Decreased food staple prices  higher caloric intake, 
reduced “hunger”

• Income effects  diet diversification

• Increased labor productivity and human capital
• Robert Fogel: half of British economic growth since 1800 

due to better nutrition

• Displacement of higher micronutrient staples?

• Rising relative price of legumes (India)

Consumers, Hunger and Malnutrition



Consumers, Hunger and Malnutrition

Some evidence from Guatemala (Hoddinott et al, The 
Lancet, 2008):

- Children (aged 0-24 months) in different villages in 
Guatemala were enrolled in different feeding 
programs (from 1969-1977)

- One program was nutritious, the other was not 
particularly. 

- They were surveyed a generation later (2002-2004). 
Men with the nutritious intervention had 46% 
higher wages and higher incomes, and they worked 
less.
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• “Release” of labor from agriculture
• More raw materials for manufacturing and export
• More demand in rural areas for non-food goods 

and services
• Better terms of trade

-> Real GDP growth from agriculture is about three 
times more effective than from non-ag sectors in 
reducing headcount extreme poverty in poorest 
countries.

Source: Hazell 2009

What goes in the “Rural Economic 
Growth” box?
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TYPICAL JOBS, SSA 
RURAL SELF-EMPLOYED

Inorganic fertilizer mainly for export crops  Myth

“repairs”

“taxi/bicycle/boda-boda”

“selling food/beverage/charcoal”

“brewing/baking”

“catering”

TYPICAL JOBS, SSA 
RURAL SELF-EMPLOYED
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Inorganic fertilizer mainly for export crops  Myth

“farm worker”

“teacher”

“house worker”

“driver”

“sales clerk”

“construction”

“repairs”

“taxi/bicycle/boda-boda”

“selling food/beverage/charcoal”

“brewing/baking”

“catering”

TYPICAL JOBS, SSA 
RURAL SELF-EMPLOYED

TYPICAL JOBS, SSA 
RURAL WAGE WORKERS
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Three sources of agricultural growth
1. Increased use of inputs

(land, water, labor, capital) brings more 
output, but typically at diminishing 
rate (X0 to X1).

2. Increased efficiency
in using existing inputs and 
technologies, commonly through 
extension (Y0 to Y1 at X1).

3. Technological change
to increase output potential given 
same inputs.  Requires innovation, 
diffusion and farmer adaptation to 
change.  This is the main long-term 
source of productivity growth for 
sustainable poverty reduction (Y0 to Y1 
at X0).
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What is technical change?

• Key supply shifter

• More outputs from same inputs
• Or same output from fewer inputs

• Cannot always see (until afterwards)

• Always per unit of something
• Land

• Labor

• All inputs (TFP)

P

Q

S0

S1
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Q0 Q1



Partial vs Total Factor Productivity

Yield

Fertilizer

Traditional variety

Fertilizer production function (Tons of rice vs kg N)

Modern variety



Technology: Output per Land

Source: USDA Production, Supply, And Distribution Database



Dairy cattle

1950: 1.8 L/cow/day 
2015: 12 L/cow/day



Even the New Yorker gets it!



Notable technical innovations in US Agriculture
Machinery

1900-1949 1940-2005

All purpose tractor Pivot irrigation/fertigation

Corn picker Scale and comfort

Multirow planter Laser technology

Spray irrigation equipment

Animal

1900-1949 1940-2005

Artificial insemination Precision diets

Cross-breeding cattle, hogs, poultry

Plant

1900-1949 1940-2005

Hybrid corn Biotechnology

Rust-resistant wheat/goats

Wilt-resistant alfalfa

Land Use

1900-1949 1940-2005

Terracing/contour plowing Herbicides

Green manure / cover crops

Phosphate fertilization

Source: B. Gardner. 
American 
agriculture in the 
20th century



Global land and labor productivity by 
region, 1961-2006

Source: Fuglie and Wang (2012)



Total Factor Productivity (TFP)

• TFP: Change in output in relation to change in all inputs 
together:
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• Q is an output index: production (+ externalities)

• X is an input index: labor, land, capital, soil, water, 
genetic resources…

(weighted by prices)

(define inputs specifically, disaggregated)



Contribution of TFP to output 
growth, 1960 to 2000s, Globally

Source: Fuglie and Wang (2012)



Sources of Technical Change

1. Induced innovation: Private agents innovate to 
conserve relatively scarce inputs and to increase 
relatively valuable inputs.
• Technological change has factor bias. 
• It varies by region (Hayami and Ruttan)

2. Strategically targeted investments by not-for-profit 
donors and governments: CGIAR and Green Revolution 
model

3. Serendipity

Empirical evidence: major role for induced innovation. But it turns 
on price signals, which may be distorted and lead to an 
undervaluing of innovation. 2 and 3 therefore have a role.



Input technologies: Herbicides 
and Direct Seeding
Consider an increase in the price of labor

Induced innovation: technology develops around 
herbicides and direct seeded rice varieties (which use 

more equipment and less labor
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Impacts of technology change

Naïve model
Demand is perfectly 
elastic. Gains accrue to 
producers.  
- But when, if ever, does 
this really happen?
 Small-scale change: 
early adopters
 Perfect market 
integration … export 
surplus production

Price

Quantity

Demand

Original Supply

New Supply

Producer 
Surplus

P



Price effects: elastic vs inelastic 
demand

P

Q

P

Q

D1

D1
S1 S2 S3

S1
S3

Price Elastic Demand
• (e.g. luxury good)

• Prices don’t drop when supply 
expands

Price Inelastic Demand
• (e.g., food staple)

• Prices drop when supply 
expands

S2



Old Producer 
Surplus

More realistic model
Price inelastic demand 
(consumers don’t snap 
up all that extra food, so 
the price drops).  

 As individuals get 
richer, a smaller share o 
their extra dollars go to 
food purchases (Engel 
curve). 

Price

Quantity

Demand

Original Supply

New Supply

Consumer 
Surplus

P old

P new

New Consumer 
Surplus

Impacts of technology change



• Irony: big winners from improved crop technology have been 
consumers not producers.  

• Why? Price inelastic demand

• Technological change is usually profitable for early adopters

• Because of inelastic demand, price decreases when adoption 
reaches large scale

• Late adopters benefit much less than early adopters

• Non-adopters are hurt by the technology

“Technology Treadmill” 



1. Increase farm profits, at least for early adopters 
Those with best access to ICT, extension, credit/insurance, input 
and output markets, etc. These farmers gain from yield increases, 
cost reductions, or both.

2. Increase labor demand.
The rural poor typically work off-farm (at least part time). Enjoy 
labor market gains, both through more hours worked and higher 
real wages.

3. Impact food markets.
If there is enough adoption, aggregate supply shifts and prices fall 
(by how much depends on integration with national and global 
markets). Net consumers (including urban poor) therefore gain.

Agricultural Technology Impacts in 
review

You try! (Acadly)



Reading Assessment

Acadly



Investment

• Rates of return on research investment

• Is there underinvestment in public agricultural 
research?

POLL: What are rates of return to investment in 
agricultural  research & development?

(Acadly)



Rates of return to agricultural 
research

Source: A meta-analysis of rates of return to agricultural R&D, IFPRI



Where do we see these benefits?

• Yield growth (land productivity) & livestock 
productivity

• Labor productivity growth

• Total factor productivity growth

• Sustainability of yields and maintenance of yield 
gains

• Prevention of disasters (e.g. with lower genetic 
diversity) 



Public spending trends in agricultural R&D

Source: Beintema et al (2012)





But yield growth rates declining

Source: World Bank 2008, via Piesse & Thirtle 2012.



Some R&D Principles (via Phil Pardey)

• Agricultural R&D benefits are hard to appropriate 
and thus a key role for the state (public good)

• More private investment occurs where it is easier to 
appropriate (e.g. maize via annual sale of hybrid seeds; 
technologies that also promote use of proprietary 
chemicals; technologies whose licensing can be 
enforced)

• Agricultural R&D benefits have long lags

• Agricultural R&D benefits spill over, but not equally 
everywhere

• Agricultural R&D benefits vary with respect to 
economies of scale



Private sector agricultural R&D

• In developed countries, most R&D is private

• Intellectual property is outside of the public 
domain

• Dominated by the “Big 6” (BASF, Bayer, Syngenta, 
Dupont, Dow, Monsanto)

• Now this is the Big 4 (BASF, Monsanto/Bayer, 
Syngenta/ChemChina, Dow/Dupont)


