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Part 1
4th Industrial Revolution and its implications?



What is Innovation?

 Innovation system as a “network of organizations, 
enterprises and individuals focused on bringing new 
products, new processes and new forms of organization into 
economic use, together with the institutions and policies that 
affect their behavior and performance” (World Bank, 2008). 

“Agricultural innovation is the process whereby individuals or 
organizations bring existing or new products, processes and 
forms of organization into social and economic use to increase 
effectiveness, competitiveness, resilience to shocks or 
environmental sustainability, thereby contributing to 
achieve food and nutrition security, economic 
development and sustainable natural resource 
management” (FAO, 2012).



Scale, scope, and complexity 
of the 4th Industrial Revolution

 Fourth Industrial Revolution: Time of extraordinary change in every individual, business, industry 
and government being impacted by breakthroughs in computing power, connectivity, artificial 
intelligence (AI), biotechnology and other innovative technologies, robotics, the Internet of Things, 
autonomous vehicles, 3-D printing, nanotechnology, materials science, energy storage, and 
quantum computing

 A fusion of technologies blurring the lines between the physical, digital, and biological spheres.

 4th Revolution has no boundaries and high velocity.

Just in case some of you do not remember!

 First Industrial Revolution: water and steam power to mechanize production. 
 Second Industrial Revolution: used electric power to create mass production. 
 Third Industrial Revolution: electronics and information technology to automate production



Rapid Pace of change

• By 2020, more people with mobile phones than  electricity or 
running water in their homes or villages. 

• Cars as intelligent robots on wheels. 
• Factories are automating manufacturing, displacing tens of 

thousands of workers. 
• Call centers are turning to AI-powered catboats to manage 

customer interactions. 
• We have already outsourced a lot of work to algorithms –

managing financial portfolios, qualifying loan applications, 
reading MRIs, recommending products and optimizing travel 
routes. 

• The human genome has become as readable and editable as a 
text document, transforming precision medicine.



 New products and services 
 that increase 

 (1) inclusiveness, e.g. by increasing access to information, 
 (2) efficiency  and 
 (3) improve our personal lives. (e.g., Ordering a cab, booking a flight, buying a product, making a 

payment, listening to music, watching a film, or playing a game—any of these can now be done 
remotely).

 Technological innovation leads to supply-side miracles, with long-term gains in efficiency and 
productivity, e.g. Amazon.

 Declining transportation and communication costs, more effective logistics and global supply chains 
and declining trade costs leading to open new markets and drive economic growth.

 Increased worker safety

Opportunities



But Challenges…. Structural 
Unemployment, Increased 
Inequality, Social Unrest

 Link between average productivity growth and 
income has changed

 Valuation have not turned into MORE 
productive jobs for all

 Global Supply chains disrupting labor 
markets.

 Automation substituting for labor across the 
entire economy, the net displacement of 
workers by machines  exacerbating the gap 
between returns to capital and returns to labor. 

 Social concerns of lack of inclusion—
 Hollowing out of the middle class
 Terrorist networks
 BREXIT and US Elections, rise of populism
 French Election could end EU?
 Governance and conflict are growing 

challenges.



Impacts on government

 Governments  increasingly under pressure to 
change their current approach to public 
engagement and policymaking, 

 New sources of competition and 
 Redistribution and decentralization of power 

that new technologies make possible;
 Consumer interests vs. innovation—e.g. GM 

Technologies
 Increased surveillance
 Freeing of private information to businesses
 Terrorism

 Public Policy--

 Legislative and regulatory challenges of an 
unprecedented degree 



IMPACTS

 On Supply Side--Disruption from agile, 
innovative competitors who,( thanks to access to 
global digital platforms for research, 
development, marketing, sales, and 
distribution), can oust well-established 
incumbents faster than ever by improving the 
quality, speed, or price at which value is 
delivered.

 On consumer behavior----from the design, 
market, and deliver products and services.

 On customer expectations, on product 
enhancement, on collaborative innovation, and 
on organizational forms

 Overall, the Fourth Industrial Revolution is 
forcing companies to reexamine the way they do 
business

 Big Data Improving Manufacturing Processes



Effects innovations 
have on societies and 
environment as 
a whole

 Increased Demand for skills-
 500,000 engineers but 50,000 engineers 

trained
 Need for policy and governance frameworks for 

adopting new technologies in ways that have a 
positive and inclusive impact

 Set of priorities, ranging from autonomous 
vehicles and precision medicine to the Internet 
of things and block chain. 

 All the priorities are interconnected;
 Role of businesses, civil society, universities



Are Democratic 
Institutions Up to the 
Task?

 Political paralysis?
 Make Existing workers smarter/more productive
 Manufacturing is not coming back?
 Need for new institutional design—state needs to 

become an arm of investments—e.g. public 
investments in infrastructure, skills

 Art of living
 Role back of Globalization?



Part 2
India’s Policy of Doubling Farmer Incomes Under Climate Change



Viewing Asian Agricultural 

Transformation from the 

Perspective of the 4th

Revolution

• Doubling Farmer Incomes Under Climate 
Change While Achieving  Structural 
Transformation

• 880 Million Engaged in Agriculture Just in Five 
countries

• 720 Million Engaged in Non-Agriculture in 2013



Indian Prime Minister’s Policy Proclamation

to Double Farmers’ Income by 2022 

Debate: Is It Possible or a “Miracle of All Miracles”?
Determinants of Farmer Income 
• Farm Income = f [Output x prices – cost of production]

• Annual Output per Farm Household determined by: (1) yields per unit of land per crop;   (2) double or 
triple cropping per unit of land; (3) shift from low to higher value crops; and   (4) income from livestock 
and fisheries.

• Farm Size = f [Share of population in agriculture, land distribution, land laws, customary practices, 
access to hire in or out more land and other factors of production].

• Prices determined either by Government Minimum Announced Procurement prices (MSPs) for 
scheduled crops or Market Prices for crops, livestock, and fisheries, for which there are no declared 
scheduled prices and market access.

• Cost of Production determined by Input Costs (including Input Subsidies).
• Non-Farm Income = f [(Non-Farm Employment and wages) + (Entrepreneurial income from trade) + 

(Transfer Payments/Social Safety nets such as Mahatma Gandhi National Rural Employment Guarantee Act 
(MGNREGA) – Debt)]

• Dynamics of Change—from technical change, market access, land consolidation, labor migration, non-farm 
income.

(during a ‘Kisan Rally’ in Bareilly, U.P. on Feb 28, 2016)



Projected Impacts of Climate Change on Agricultural Yields by 2050 
(given current agricultural practices and crop varieties)



Climate Change Calls for Business “Unusual” 

to Reduce Impacts on Poverty
Impacts of CC on Agriculture

Extreme Climate Variability beyond Average 
Attributable to Natural Causes
1. Rising temperatures
2. Increasing temperature variability
3. Changes in levels of precipitation
4. Melting of Glaciers
5. Rising Sea levels, salinization of  fresh 

water
6. Droughts and floods/water stress
7. Loss of coastal  areas
8. Areas out of farming Desertification
9. Increased Pastes and Diseases
10. Forest fires
11. Lower Yields, fish stocks and animals
12. Increased food insecurity
13. Environmental refugees

Impacts of Agriculture on Climate Change

• Annual anthropogenic GHG emissions (CO2, 
Methane and Nitrous Oxide)

• Land Use Changes
• Deforestation and forest degradation

• Agriculture
• Rice-----------Methane Production
• Livestock-----Methane Production
• Fertilizer use



Increased 
Productivity

Reduced GHG 
Emissions and 

Other 
Environmental 

Degradation

Increased 
Resilience through 

Adaptation

Climate Change Adds Complexity 
to Doubling Farmers’ Income Calls 
for Climate Smart Agriculture
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Share of Farming Income (cultivation + farming of animals)  in  

Average Monthly Income (Rs.)  Per Agricultural Households  (%) by 

States 

(July 2012-June 2013)

Average Monthly Income (Rs.) per Agricultural Household

Income from Farming  (cultivation + farming of animals) as Share of Total Income (%)

Source: Based on data from National Sample Survey Organisation (2014): Key Indicators of Situation of Agricultural Households in India, Ministry of Statistics and Programme Implementation, NSSO.



Agricultural Poverty Incidence Is Inversely Related to 

Average Annual Income per Agricultural Household (Rs)  

R² = 0.42

Increasing agricultural 
household  income will reduce 

poverty incidence 



Recent Sources of Growth in 
Indian Agriculture

1. Yields per ha have grown slowly
2. Intensification of agriculture has come from 

a. Irrigation
b. Some Shift to higher value crops—output growth away 

from the northern “grain belt” and toward high-value 
agriculture in traditionally less-productive regions. E.g. 
geographical and intensity shifts in Central Region. 

c. But nationally most of the increase in farmer income has 
been due to price increases since 2004

d. Yet farm Real Income has stagnated despite subsidies and 
transfer incomes

e. Inter-state income differences are considerable and also 
incidence of poverty with no evidence of convergence?

f. Difference between farm and non-farm income has 
increased substantially particularly since 2004

Source: Ramesh Chand 2016,  World Bank 2014, Nicholas Rada 2016
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Simulated potential yields (assuming no constraints to inputs), attainable 

yields (given the current level of irrigation), and actual yields (average of 2006–10)]  

Current Yield Gaps for Wheat by State

Source: WBG (2014). Republic of India Accelerating Agricultural Productivity Growth. 

Current Yield Gaps for Paddy/Rice by State



Source: Kshirsagar and Gautam 2013.

India: Strong Correlation between 
Agricultural Productivity and Rainfall

Ten-Year Average Agricultural GDP Growth Rates 
(actual and counterfactual scenarios) 

Had Rainfall Been 
Better, Agricultural 

GDP Growth Would 
Have Been Higher!



y = 4.6536x2 + 66.764x + 30696

R² = 0.3308
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But  Irrigation Efficiency Varies a Great Deal

And Growing Challenge of Excessive Groundwater Exploitation

Data provided by Ramesh Chand and Chand (2016): Doubling Farmer’s Income: Strategy and Prospects. Presidential Address



Experience of East and 
South East Asian 
Countries 
• East and South-East Asia: where

Faster TFP Growth
More Rapid Reduction in Rural Poverty
Greater Intensification of Agriculture
More Increase in Farm Income
More Favorable Internal Terms of Trade
Sharper Drop in Share of Population in Agriculture
BUT Increased Rural Urban Inequalities!
 Increased Stress on Resources?

• Climate Change calls for a holistic transformative approach
to agriculture

• Current Indian Approach--- too little and too fragmented
• India Needs Transport, power, R and D, education, security

of tenure, access to agricultural finance,

• Huge under-investment in agriculture and rural sector

relative to countries but NO SILVER BULLETS!
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Value Added 
per Worker 
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Country
Economically Active Population 

in Agriculture (million) (2013)

Economically Active Population 

in Non-Agriculture (million) 

(2013)

Bangladesh 32 43

China 494 339

India 274 242

Indonesia 50 77

Vietnam 31 19
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Country

Employment in 

Agriculture (million) 

(2014)

Employment in Industry 

(million) (2014)

Employment in Services 

(million) (2014)

Bangladesh 41 11 24

China 244 234 298

India 209 123 139

Indonesia 41 24 50

Vietnam 25 12 18
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TFP Estimates Do Not Include Environmental 
Costs Resource Loss

• Productivity Growth estimates do not measure growing water scarcities, soil loss, deforestation and forest 

degradation

• China has done better on climate mitigation in agriculture (Greater area under reforestation, payments for 

environmental services in forestry) than other countries;

• Better on water management—S and T, Investments, rewards, incentives and penalties

• Indonesia and Brazil—Productivity Growth but with largest emitters from deforestation

Going Forward

• More Frequent Floods and Droughts, Growing Water Shortages, including transboundary issues from local to 

global

• Growing Water-related conflicts



“India inherited the world’s largest canal infrastructure in 1947; 
Today India is the world’s groundwater champion!”----

Tushaar Shah, Senior Advisor, IWMI



2006-07

Taming India’s Groundwater Anarchy—Tushaar Shah

Each dot equals 5000 irrigation wells. 

Irrigation  low, where groundwater is 

not developed or managed



India’s Energy Divide, 2006-07

Eastern India 
has abundant 

groundwater but 
no energy to 

pump it

In western 
India, perverse 

power subsidies 
have ruined 

aquifers 



Lessons from Madhya 
Pradesh on Groundwater 
Management

• MP utilized millions of ha of unutilized irrigation potential 
created in major, medium and 

• minor irrigation projects. 

• Provided reliable power ration to farmers during peak 
irrigation season. multiplied the state's irrigated 

• area quickly, at small incremental cost, delivering 

• double-digit agricultural growth.

• Had MP used the  five successive years of normal monsoon 
during 2009-2013 to maximize groundwater recharge, and 
had effective mechanisms been put in place for judicious 
use of this recharge, Madhya Pradesh could well have sailed 
through even two successive drought years. 

• Effective demand management of water must be the next 
priority of irrigation reforms.

Source: Tushaar Shah et al,  Har Khet Ko Pani? (Water to Every Farm?), Emulate 

Madhya Pradesh's Irrigation Reform, IWMI-Tata Policy Paper



Climate Smart Villages in South Asia

End of 

2016
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Source: Based on FAO AquaStat: www.fao/ag/ca/6c.html
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Some Frequently Offered 
Solutions to Climate Change 
Challenge

• Switch to varieties tolerant to heat, drought and salinity
• Increase irrigation efficiency
• Manage soil, nutrients and erosion
• Match livestock to supply of grazing land
• Promote Mixed farming-crops and animals
• Control Pastes and Diseases, 
• Restore degraded habitats,
• Improve infrastructure
• Promote Crop Insurance
• USE Safety nets



Implications for Policy: 
No Silver Bullets! #1

• Improve climate data and climate forecasting at all 
levels

• Make data available to farmers well in advance

• Tailor Advice on Farming System Management to 
Changing Climate

• Promote climate resistant agriculture, e.g., 
integrated cropping and livestock- multiple 
resistance—resilient to weather, more pulses, fruit 
and vegetable, less irrigated cereals

• Promote Crop Varieties with multiple resistance

• Promote conservation agriculture, no till—improve 
soil, land and water management

• Promote Landscape Management

• Restore degraded lands through agro –forestry



Implications for Policy: 
No Silver Bullets! #2

Scaling Up Challenge:

• Reduce Emissions from Livestock—only 1% of livestock 
population under rationed balance

• GMOs??????

• Livestock—Rationed Balanced Diet—1% of 75 million livestock 
population under rationed balanced approach

• Conservation Agriculture—2% of India’s ag under CA compared 
to what percent under China?

• Water Management—35 million under drip irrigation?

• Water rationing?

• Foster a national food and agricultural market—eliminate cross 
border restrictions

• Increase security of land tenure

• Invest in Physical Infrastructure—Roads, Renewable Energy



Implications for Policy: 
No Silver Bullets! #3

• Implementation , Implementation, Implementation

• Establish  Inter-Ministerial/Departmental Coordinating Mechanisms

• Use Monitoring and Evaluation to Improve Project Design and 
Implementation

• Increase Focus on R and D—Strengthen ICAR, SAUs, 

Public-Private Partnerships

• Crop Insurance cannot be a new form of subsidy!

• Social Safety nets already exist and need to be streamlined

• Institutionalize Disaster Relief—

• Invest in Physical Infrastructure

• Introduce Accountability Mechanisms to political and administrative 
actors

• Make the most of the Indian IT industry.

• Invest in Human Capital, Get citizens involved.



Part 3
Deploying 4th Industrial Revolution to Agricultural and Overall Challenges



Opportunities of the 4th Industrial Revolution
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Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 



India, largest software exporter 
Behind China in Digital Divide

• India had 227 million Internet users, compared to 665 million 
in China. 

• Fewer than two out of every five Indian businesses had an 
online presence compared to almost two-thirds of firms in 
China.

• The cost of a 1 Mbit/s residential broadband service in India 
is 6-10 times higher than in China. 

• Significantly higher digital divide across age, gender, 
geography and income within India than in China. 

• Aadhaar, digital ID programme, India scores higher than 
China in digital adoption by governments, 

• but the need to use Aadhaar more widely and effectively.



Gaps in Skill Levels to India 
becoming a digital 
economy: Basu Calls “India’s 
formidable challenge”

• Indians in Silicon Valley in the United States, and  yet  
skills level of the average Indian worker
significantly behind his or her Chinese counterpart. 

• A vast majority of its population still lacks the skills to 
meaningfully participate in the digital economy.

• Around 25 per cent of India’s adult population 
cannot read and write compared to fewer than 5 per 
cent in China.

• Test scores in rural India show that 10 per cent of 
children aged 16 and below cannot identify single-
digit numbers consistently. Fewer than one in five can 
do a subtraction, performing considerably below their 
grade level.



India’s challenges include low productivity and 
inadequate access to basic services

Source: McKinsey Global Institute (2014). India’s 

technology opportunity: Transforming work, 

empowering people 



Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 
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Potential impact of 12 empowering 
technologies by 2025?--McKinsey

• $550–1,000billion annual economic impact (20–30% of India’s 
incremental GDP from 2012 to 2025) 

• 300 million financially included people 

• 400 million additional people with access to quality health care 

• 14–24 million workers could gain more years of education 

• 15–60% yield improvement for 22 million farmers due to 
precision agriculture 

• $50–95billion savings and productivity gain from energy 
technologies 

• $17–25billion economic value from intelligent transportation 
(roads and ports) 

• 10 million tech-enabled workers in health care, education, 
agriculture, citizen services, and 

• financial services 19–29million non-farm workers who will need 
new job opportunities and skills



Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 

Seven Technology-based Services can Transform Indian Agriculture



Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 
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Potential Adoption of 12 Empowering Technologies in India

Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 



Potential Adoption of 12 Empowering Technologies in India (contd.)

Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 



Potential Adoption of 12 Empowering Technologies in India (contd.)

Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 
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Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 

Seven Technology Applications can Transform India’s 

Financial Services Sector



Digital benefits transfers with mobile money can improve efficiency and reduce leakage

Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 



Big data–based underwriting tools are being used to extend credit

Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 



Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 

Eight Technology-based Services can Transform Education in India



Nine Technology-based Services can Transform Health Care in India

Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 
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Six Technology-based Services can Transform India’s Energy Sector



Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 
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Six Technology-based Solutions to Improve India’s Infrastructure



Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 
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Putting government data and services online can create value in six ways



Source: McKinsey Global Institute (2014). India’s technology opportunity: Transforming work, empowering people 



To Exploit the 4th Industrial 
Revolution Fully

• Pursue a Total Governance Approach
• Public, Private, Community Organizations, 

Civil Society and Citizens!

• Increase Investments in Physical Capital

• Increase Investment in Human Capital

• Improve Regulatory Frameworks

• Understand it as a dynamic, highly 
interactive, adaptive process

THANK YOU


