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Prologue:

Science and the SDGs



Science 

Can Feed 

The 

Hungry…



Heal the Sick



Protect the Environment



Ensure the Dignity of Work



Connect the World



The Joy of Self Expression



Science and Technology (S&T) 

Can Do So Much…













Hunger is 

associated 

with 

extreme 

poverty
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Absolute and Relative Poverty



Absolute Poverty

•Absolute Poverty is defined as having 
income  less than the minimum amount 
needed by a person or household to 
obtain the basic necessities for living.  

•$1/day per person was the benchmark for 
international comparisons as of 1990.

• It became $1.25 / day per person in 2005.

•Now it is $1.90 /day per person 



Percent of Population below Regional 
Poverty Lines



Relative Poverty

•Varies from society to society

•Sometimes taken as the lowest 40% of the income 
distribution in that country

•Sometimes defined as someone receiving below 
60% of the median income



But poverty is not just about income or money… 
It is more…



Diagnosing Poverty

•On Absolute And Relative Poverty

•Deprivation, Dispossession, And 
Societal Marginalization

•Rural And Urban Poverty

•Problems Of The Ultra Poor

•Social Versus Economic Policies, 
Programs And Projects



It is not just the absence of income that defines poverty



It is marginalization, deprivation and 
social exclusion



Loss of dignity



Social Exclusion
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Rural and Urban Poverty in Developing Countries
(Income measures)

Source:  IFPRI estimate from World Bank data.

Rural poor
70.0%

Urban poor

30.0%



85% of the Poor live in the Rural Areas

•The Multidimensional Poverty Index (MPI) is applied 
by Oxford to study the conditions of the world.

•According to the MPI 2014, 85% of multi-
dimensionally poor people live in rural areas. The 
MPI suggests that the rural share of poverty is 
higher than income poverty estimates of 70 to 75%. 

Source:  https://www.ophi.org.uk/wp-content/uploads/Poverty-in-Rural-and-Urban-Areas-Direct-
Comparisons-using-the-Global-MPI-2014.pdf
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The Ultra Poor require special help







Hunger!
Is associated with extreme poverty
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The Need for Social Inputs Into 
Development Decisions

•Social policy is more than the social impacts 
and consequences of economic policies

•Social goals and policies complement 
economic ones

•Economic Analysis by itself is insufficient:  
Social, cultural, political and ethical dimensions 
must be introduced



Elements of a Social Policy - I

•To maintain social cohesion

•To foster equity

•To reach the ultra poor and other marginalized 
groups

•To uphold cultural identity (shared universal values 
and solidarity, not divisive micro-identities)



Elements of a Social Policy - II

•To promote participation (voice, choice and 
empowerment through access to knowledge 
and resources)     

•To facilitate social mobility (inter-generational, 
geographic and occupational)

•To support institutional development

•To enable participatory social research 
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Measuring Income & 

Wealth



There are many kinds of poverty



But in the final analysis, 

we almost always go back to 

income 

to measure poverty



Defining Poverty

• Although we all recognize the multi-

dimensional character of poverty, we 

almost always go back to defining 

poverty in terms of income

• We have much improved by using 

Household Surveys; but

• Despite our reservations on income 

as GDP/Capita, it is still widely used.



The most common measure of income 

is GNP / Capita



But GNP is a measure of production 

and not of well-being…  

It is also flawed
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Some flaws of GDP measures:

• Production and GDP vs. GNP

• How to capture changes in quality, quantity and 

relative prices



GDP vs. GNP

Production, Yes, …but who benefits?

• Production is still important – it is linked to employment

• GDP vs GNP: 

– privatizing resource extraction tended to generate some 

employment locally (hence some GDP increases) but the 

profits all accrue to foreign companies (seen only in GNP). 

– When you add resource depletion and environmental effects, 

the citizens of the county could be actually worse off…



Quality, Quantity and Relative Prices

• It is very complex to capture quality changes 
and price changes : e.g. electronics, computers, 
cars…

• Capturing change in quality as compared to 
quantity is a tremendous challenge:

• Example:  Your mobile phone price has gone 
down but it can do so much more than the old 
phone… thus the number of units produced 
(where) and sold (at a particular price) is not 
really measuring the same thing over time.



Case Study:  Mobile phones:
• Your mobile phone price has gone down but 

it can do so much more than the old phone… 

thus the number of units produced (where) 

and sold (at a particular price) is not really 

measuring the same thing over time.



The Modern smart 

mobile phone: 

All of that fits in 

your pocket!



The problem of services

• The share of services in GDP is growing in every country

• It is very difficult to measure services:

– The problems of quality, quantity and pricing of  services: 

medical services, ICT, educational services…

– Public vs. private provision of services

– Unpriced services that do not show up in accounts



How to value 

services?  

To the extent that 

you have a 

market clearing 

mechanism, you 

can say that the 

amounts paid by 

the public for the 

services reflect 

its true worth in 

that society.



Measuring Services

• The mix between public and private provision 

of services (education and health, housing, 

public sports facilities) are all valued 

positively by citizens.



Measuring Services

• Inputs vs. Outputs: Valued outputs are 

traditionally measured by the inputs used to 

produce them (e.g. number of doctors, 

number of hospital beds), rather than outputs 

(e.g. number of (successful) procedures 

undertaken, or number of patients treated).



Government Services

• Growing everywhere: Government services in OECD 
countries have gone from about 25% of GDP to ca. 45% in 
the last 50 years (p.xxii)

• Generally set to approximately The wage bill of 
government employees

– Absurdity of that definition

– Consequences not followed (e.g. doubling the salaries of the 
civil servants)



Unremunerated labor

• Huge problem:  Unremunerated labor, especially 

for women in the home

• Example: the Housewife vs. cook, maid, baby-

sitter, housekeeper 



National Income Accounts

• Measure flows not stocks

• Accordingly can count  a depletion of natural 
capital as a positive contribution

• Need to add environmental dimension

• UN agreed to add environmental accounts as 
satellite accounts







Country Comparisons

• GNP/GDP is used to rank size of economies and 

also when in per capita terms to rank by how rich 

the citizens are.

• But it makes a lot of difference if you use 

exchange rate measures or PPP.



Click to edit Reference

Percentage share of global GDP 

(in PPP terms)



From Production to Well-being

• More generally: It is time to shift from measuring 

economic production to measuring people’s well-being.

• But because no single measure can capture well-being of 

people we will need a whole range of measures.



A Truly Thoughtful 

Critique of 

GNP/GDP 

Measures



Many valuable  

recommendations for GDP, e.g.

• When measuring material well-being, 

look at income and consumption rather 

than production.

• Emphasize the household perspective

• Consider income and consumption 

jointly with wealth—look at the four 

kinds of wealth.

Source: Joseph E. Stiglitz, Amartya Sen and Jean-Paul 
Fitoussi, Mis-Measuring Our Lives: Why GDP Doesn’t Add Up

The New Press, New York, 2010, pp. xx



Wealth Accounting

And Sustainability 
as Opportunity



Man-made Capital

(Produced Assets)



Natural Capital



Human Capital



Social Capital



Capital per person

Comprises four kinds of capital:

• Man-made 

(produced assets)

• Natural

• Human

• Social



Social 

Capital

Human 

Capital

Man-made

Capital

Natural

Capital

Social 

Capital

Human 

Capital

Man-made

Capital

Natural

Capital



• The four kinds of capital are 

partially substitutes and partially 

complements

• Therefore, mix can change over 

time but critical boundaries must 

be respected for each type of 

capital separately



Measuring Poverty



Measuring Poverty

• Headcount Index

• Depth of Poverty (Poverty Gap)

• Foster-Greer-Thorbecke Index (P)



Headcount Index

The Headcount Index is the proportion of people 

below the poverty line:

n

q
H 

where n is total population and q is 

population whose Y < z and z is the Y at 

Poverty Line



USA % Households below the poverty line

(2003)
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and I = mean depth of poverty as a proportion of the poverty Line

PG= Cost of eliminating poverty by Y- transfer to the poor.

Depth of Poverty (Poverty Gap)

Measures how far the average poor person is 

below the poverty line and multiplies that by 

the headcount Index
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Pα

• If  = 0    P0 = Headcount Index

• If  = 1    P1 = Poverty Gap Measure

• If  = 2    P2 =  Mean of squared 

proportionate poverty gaps



A better statement about Pα

• If  = 0    P0 = Amount of poverty

• If  = 1    P1 = Depth of Poverty

• If  = 2    P2 =  Severity of Poverty 

(usually associated with hunger)



Ideally, the use of FGT indexes 

should be supplemented by 

inequality indicators.



Amartya Sen James Foster



Links To Inequality…

Which brings in the whole 

population, not just the poor…



Measuring Inequality





Richest Countries: 
The Share of Total Global Wealth

•United States — 41.6%

•China — 10.5%
• Japan — 8.9%

•U.K. — 5.6%

•Germany — 3.9%
• France — 3.5%

•Canada — 3.0%

• Italy — 2.9%
•Australia — 2.0%

• South Korea — 1.6%

Source: Allianz Report, cited at: http://fortune.com/2015/09/30/america-wealth-inequality/ 



Countries With The Highest Wealth Inequality

•U.S.A. — 80.56.

•Sweden — 79.90.

•U.K. — 75.72.

• Indonesia — 73.61.

•Austria — 73.59.

•Germany — 73.34.

•Colombia — 73.18.

•Chile — 73.17.

Source: Allianz Report, cited at:http://fortune.com/2015/09/30/america-wealth-inequality/ 



19.9% 20.2%

10 10.7%
12.5%

Income Inequality

The income gap continues to widen: Since 1980, the 

share of total income going to the top 1 percent of 

earners has doubled, while the bottom half's share has 

narrowed. Stagnant wages for many Americans are a 

major culprit.

Note: Income figures are for individual adults, incomes within married couples are split equally

Source:Thomas Piketty, Emmanuel Saez, and Gabriel Zucman cited in NYT  08 december 2016

1980 2014

%

20

Bottom 

50%

Top 1%



An Enormous Gap Exists Between 
the Rich and the Poor…







Rich and Poor in Sao Paulo
source: http://mindblog.dericbownds.net/2007/10/rich-and-poor.html



Inequality has been 
rising everywhere



The Most Widely Accepted and Used 
Measures of Inequality

•The Gini Coefficient and the Lorenz 
Curve

•Closely interrelated

•Powerfully descriptive
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Max Otto Lorenz 
(1876 – 1959)

•He developed the Lorenz 
curve in 1905 to describe 
income inequalities. 

•He published this paper 
when he was a doctoral 
student at the University of 
Wisconsin



Corrado Gini
(1884-1965)

•Corrado Gini was an 
Italian statistician, 
demographer and 
sociologist 

•He developed the 
Gini coefficient, a 
measure of the 
income inequality in 
a society in 1912. 



Gini Coefficient

•Inequality on the Gini scale is 
measured between 0, where everybody 
is equal, and 1, where all the country's 
income is earned by a single person.

•It allows comparing inequality between 
countries or within the same country 
over time.

See inter alia, Sen, A. On Economic Inequality. Oxford, England: 
Clarendon Press, 1973. Or 
http://mathworld.wolfram.com/GiniCoefficient.html  (Accessed 24 01 
2018)



The classical definition of G appears in the notation 
of the theory of relative mean difference:

Where: 

x is an observed value

n is the number of values observed

ഥ𝒙 is the mean value

𝐺 =
σ𝑖=1
𝑛 σ𝑗=1

𝑛 𝑥𝑖 − 𝑥𝑗

2𝑛2 ҧ𝑥



Measuring Inequality: The Lorenz Curve 
and the Gini Coefficient

•The Gini coefficient (or Gini ratio)  is a summary 
statistic of the Lorenz curve and a measure of 
inequality in a population. 

•The Gini coefficient is most easily calculated from 
unordered size data as the "relative mean 
difference," i.e., the mean of the difference between 
every possible pair of individuals, divided by the 
mean size … 







But index numbers allow 

shorthand indications of status, 

trends and inter-country 

comparisons 

(all with due caution!)



List extracted from the Gini Index 
for a selected group of nations

Japan 24.9 United Kingdom 36.0

Sweden 25.0 Iran 43.0

Germany 28.3 United States 46.6

France 32.7 Argentina 52.2

Pakistan 33.0 Mexico 54.6

Canada 33.1 South Africa 57.8

Switzerland 33.1 Namibia 70.7



Trend



Gini Index – Income Disparity Since WWII



The Gini Coefficient & the Criteria for a good 

measure of Inequality:

• Mean independence. This means that if all incomes were 
doubled, the measure would not

• change. The Gini satisfies this.

• Population size independence. If the population were to change, 
the measure of inequality should

• not change, ceteris paribus. The Gini satisfies this too.

• Symmetry. If you and I swap incomes, there should be no 
change in the measure of inequality. The Gini satisfies this.

• Pigou-Dalton Transfer sensitivity. Under this criterion, the 
transfer of income from rich to poor reduces measured 
inequality. The Gini satisfies this too.



Additional desirable features that 

the Gini Does NOT satisfy

• Decomposability. This means that inequality may be broken 
down by population groups or income sources or in other 
dimensions. The Gini index is not easily decomposable or 
additive across groups. That is, the total Gini of society is 
not equal to the sum of the Gini coefficients of its 
subgroups.

• Statistical testability. One should be able to test for the 
significance of changes in the index over time. This is less 
of a problem than it used to be because confidence 
intervals can typically be generated using bootstrap 
techniques.



Other measures of inequality

• Theil’s Entropy

• Atkinson’s generalized 

measures

• Etc.



Additional Measures

Kakwani (as well as 
others) have also 
sugested other 
ways of measuring, 
including 
comparing the 
length of the 
Lorenz Curve to the 
diagonal



Thoughtful use of multiple 

indicators for analysis will lead 

to richer and more nuanced 

policy and program design



The MPI

Multi-Dimensional Poverty Index

• Global MPI are calculated at the national level 

using comparable benchmarks of deprivation n 

multiple indicators

• National or regional MPIs apply the approach to 

better analyze local conditions within a country or 

region.





Recall

85% of the Poor live in the Rural Areas

• The Multidimensional Poverty Index (MPI) suggests 

that the rural share of poverty is ca. 85% , i.e. 

higher than income poverty estimates of 70 to 75%. 

Source:  https://www.ophi.org.uk/wp-content/uploads/Poverty-in-Rural-and-Urban-Areas-Direct-
Comparisons-using-the-Global-MPI-2014.pdf



Other Multi-dimensional Indicators Exist

MPAT:
Multidimensional Poverty Assessment Tool 

(Developed by IFAD)



MPAT

Organizational diagram of MPAT's components and subcomponents 

MPAT

7 Farm Assets
7.1 Land tenure
7.2 Land quality
7.3 Crop inputs
7.4 Livestock/aquaculture

8 Non-Farm Assets
8.1 Employment & skills
8.2 Financial services
8.3 Fixed assets & 

remittances

2. Domestic Water Supply
2.1 Quality
2.2 Availability
2.3 Access

1 Food & Nutrition  
1.1Security Consumption
1.2 Access stability
1.3 Nutrition quality

6 Education
6.1 Quality
6.2 Availability
6.3 Access

3. Health & Healthcare
3.1 Health status
3.2 Access & affordability
3.3 Healthcare quality

4. Sanitation & Hygiene
4.1Toilet facility
4.2Waste management
4.3 Hygiene practices

10 Gender & Social Equality 
10.1 Access to education
10.2 Access to healthcare
10.3 Social equality

9 Exposure & Resilience to 
Shocks

9.1 Exposure
9.2 Coping ability
9.3 Recovery ability

5 Housing, Clothing & Energy
5.1 Housing structure  quality
5.2 Clothing 
5.3 Energy sources



Item # 9 of the MPAT is:  

On Resilience to Shocks



But let’s first look at extreme poverty



Extreme Poverty and 

Hunger



Extreme Poverty & 

Hunger…

• Extreme povertyis

associated with 

hunger and  

malnutrition

• The situation gets 

worse in cases of 

drought and/or 

conflict



Defining Extreme Poverty



Original Definition

• It was Robert S. McNamara, then President of the World 

Bank, who, in his famous Nairobi speech in 1973, 

proposed the term ‘absolute poverty’. . . 

• It is a condition of deprivation that ‘falls below any 

rational definition of human decency.’ 

• I live by that definition…  That is “extreme poverty”

• I fight for the eradication of extreme poverty.





Where are those in Extreme Poverty 

located?
• The vast majority of those in extreme poverty –

96% – reside in South Asia, Sub-Saharan Africa, 
The West Indies, East Asia and the Pacific; nearly 
half live in India and China alone.

• As of 25 June 2018, Nigeria became the poverty 
capital of the world with more than 86 million of its 
citizens living in extreme poverty despite abundant 
resources.

Source: https://en.wikipedia.org/wiki/Extreme_poverty



From the MDGs to the SDGs

• The reduction of extreme poverty and hunger was the first 
Millennium Development Goal (MDG1), as set by the UN in 2000.

• Specifically, MDG1 set a target of reducing the extreme poverty 
rate in half by 2015, a goal that was met 5 years ahead of 
schedule. 

• In the SDGs we want to end extreme poverty in all its forms 
everywhere, by 2030. 

Source: https://en.wikipedia.org/wiki/Extreme_poverty







My Definition:

Extreme poverty is a condition beneath 

any definition of human decency



Extreme poverty is a condition beneath 
any definition of human decency



Extreme poverty is a condition beneath 

any definition of human decency



Extreme poverty is a condition beneath 
any definition of human decency



Extreme poverty is a condition beneath 
any definition of human decency



Extreme poverty is a condition beneath any 

definition of human decency

– Exploitation and Child Labor



Hundreds of millions are 

chronically malnourished!



Hunger



Many studies…







And Never Forget the 

Gender Dimension



But in the end:

Extreme poverty is a condition beneath 

any definition of human decency

And it must be abolished



And additional shocks are coming…



Climate Change & 

Its Impacts







Variability in Rainfall and in temperature 

is expected according to climate models 150



Generally more extreme weather events:

Hurricanes, Floods, Drought, Heat and 

Forest Fires





Source: National Geographic, August, 2005 



Source: National Geographic, August, 2005 





Forest Fires



Plus sea level rise, storm surges… (different 

from earthquakes, volcanoes and tsunamis)





But that is a topic for another lecture…



Africa: 

Erratic rainfall and desertification 





Droughts



Floods



Flooding in Sudan in 2013 

Source: Climate Vulnerable Forum; https://thecvf.org/mena-countries-agree-14-points-to-

tackle-climate-change/



But 95% of agriculture in Sub-Saharan 

Africa relies on rain-fed agriculture…



Pastoralists live a very precarious 

existence



Rainfall 

varies 

greatly 

throughout 

Africa



Variability of 

rainfall will  

increase 

with Climate 

Change…

Leading to 

erratic 

cycles of 

floods and 

droughts



Distribution of 

groundwater 

and depth of 

aquifers  also 

varies greatly











The negative impacts of Climate Change can 

destroy the livelihoods of many and push them 

back into 

extreme poverty and hunger









Prolonged two year drought leaves (parts 

of) Kenya on the verge of famine



To better prepare for drought and flood, India needs 

an integrated system to map water, air, climate and 

so do the countries in the Arid Zones.



India: Worst drought in living memory





Water Shortages: 

Prelude to Water conflicts?



Kerala 2018



South Asia floods 2017: More than 1,000 

dead in India, Bangladesh and Nepal



Conflicts



Current conflicts destroy livelihoods and 

induce out migration…



And the stresses resulting from the impacts of 

Climate Change can also induce additional 

conflicts over reduced resources…

(Remember Darfur…)



Conflict is pervasive in many parts of the 

Middle East and in Africa…





















Assessing the Challenge





The Key:

Lower the cost of food 

but 

Increase production of the rural poor 

FASTER than the price drops
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The Key:

Lower the cost of food 

but 

Increase production of the rural poor 

FASTER than the price drops



Rice production and Rice price over time



Global Food Production

Must Grow by

+40% by 2030

&

+70% by 2050

Opening statement by IFAD President at the Jeddah Economic Forum 2010: “The 
Global Economy in 2020”  http://www.ifad.org/events/op/2010/jeddah.htm



Food Security and Production

• Production is a necessary but not sufficient 

condition for food security 

• Focusing on the small-holder farmer in developing 

countries is key to environmental protection, 

poverty reduction and food security 



Responding to the Production Challenge:

• Increasing area 

under cultivation

• Increasing yields







Meeting the Production Challenge

• Increasing biological yields

• Improving nutrient content

• Intensifying agriculture

• Managing natural resources 
sustainably



African Urbanization –

Sometimes driven by economic boom



African Urbanization –

Sometimes driven by economic desperation



Urban Poverty is Pervasive



Much of 

the urban 

growth 

will be in 

the form 

of slums



Discussion of urban farming and vertical 

hydroponics, etc. is – to say the least – a challenge



World’s largest rooftop farm – in Chicago, USA



The most Likely outcomes of rapid 

African urbanization:

• More demand for storability

• More demand for 

transportability

• And the possibilities for 

expansion of the food 

transport and processing 

and retailing industries.

BUT

• The condition of 

infrastructure will be a major 

obstacle



What Science Can Do



The Green Revolution that had such an 

effect on India, and Asia more generally, 

has largely by-passed Africa



So, Let’s go 

From the Green Revolution to 

the Doubly Green Revolution

to the 

Ever Green Revolution



Doubly Green Revolution
(Going Towards the Ever Green Revolution)

• More genetically diverse crops

• Less chemical inputs (IPM and other 
means)

• Integrated soil, water and nutrient 
management

• Small holder farming system context, 
environmentally and socio-
economically







Integrated Pest Management





Integrated Soil, Water & Nutrient Management



Recognize 

The Gender 

Dimension



Promoting 

Alternatives to 

Slash and Burn



Reduce 

Post-Harvest Losses





Always

Pro-Poor 

Pro-Women 

Pro-Environment



The Genetic Imperative



Different Regions Will Need to 

Address Different Problems… But 

All Will Require the Best of 

Science!



Focusing on the problems of 

the poor



How About 

Super 

Upland 

Rice by 

2020?



We must intensify the various successes we 

have had with conventional programs of 

agricultural research and extension as well as 

the pro poor, pro-women and pro-environment 

policies…

And 

Also pursue the future technologies…



Science and the 

Transformation of Agriculture



We must go for Precision Farming



One Calorie = One Liter



More Crop Per Drop!



Understanding the Biotic basis of soil fertility



Science for Precision Agriculture

• Better Management

• Today’s Robots 

• Remote Sensing and Mobile Phones

• Early Biotechnology

• The New Biotechnology

• The Future



Science for Precision Agriculture

• Better Management

• Today’s Robots 

• Remote Sensing and Mobile Phones

• Early Biotechnology

• The New Biotechnology

• The Future



Scientific Management 
Improves Tremendously 

The Output Of Traditional 
Farms

-- Example: System of Rice 
Intensification (SRI)



Also better management of :
Lab to Farm & Farm to Consumer



Source: Dr. Ayman Abou Hadid, India 11 02 2019

The possibility of using protected agriculture 
for particular crops



Science for Precision Agriculture

• Better Management

• Today’s Robots 

• Remote Sensing and Mobile Phones

• Early Biotechnology

• The New Biotechnology

• The Future



More and more 
sophisticated robots are 
coming on the market





But for sub-Saharan Africa we would want 
more basic machines with great efficiency 

and lower cost
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Science for Precision Agriculture

• Better Management

• Today’s Robots 

• Remote Sensing and Mobile Phones

• Early Biotechnology

• The New Biotechnology

• The Future



And we could link satellite remote 
sensing, supplemented by drones with 

hand held mobile phones or tablets.







Satellite data can give us 10mx10m pixels…
Drones can bring that to 20cmx20cm images!





Satellite imagery for agriculture – 37% of the 
land use of the planet









Damage 
caused by 
flooding





Monitoring agricultural land use with time 
series data



With an intensified and expanded system 
of Agricultural Extension staff (e.g. 

Ethiopia) this could be very effective



Science for Precision Agriculture

• Better Management

• Today’s Robots 

• Remote Sensing and Mobile Phones

• Early Biotechnology

• The New Biotechnology

• The Future



The Genetic Imperative



Playing God



Playing God



By selecting on the 
genetic material rather 
than the phenotype, the 
new biology unleashes 
enormous potential



Use of agrobacterium

Marc Van Montagu 

(1933 - )

Jozef Schell 

(1935-2003)

Agrobacterium 
tumefaciens



We should not only try to produce more 
food through plants with more desirable 

traits for planting in the difficult regions… 
We should also think in terms of 

nutritional content…



Ingo Potrykus and 
Peter Beyer



White and Golden Rice
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New Genome Editing Techniques





CRISPR-Cas9



18 month effort, hearings in USA 
and in Europe, plus review of the 
latest literature…



The NAS / NAM Report

•Defines Principles

And

•Defines how to 
apply them to the 
issues of Human 
Genome Editing



BUT…



2018:  CRISPR babies in China



Chinese babies Lulu and Nana born in 2018 are 
the first genetically modified humans



Dr. He was Internationally Condemned

“We heard an unexpected and deeply disturbing 
claim that human embryos had been edited and 
implanted, resulting in a pregnancy and the birth of 
twins. 

Even if the modifications are verified, the procedure 
was irresponsible and failed to conform with 
international norms."

From the statement released by the organizing committee of the Second 

International Summit on Human Genome Editing in Hong Kong on 29 

November 2018. 



Elsewhere existing guidelines are being 
followed, and the promise of gene therapy is 
becoming ever more a reality



We are on the cusp of many, many new 
breakthroughs…



Back to Agriculture

• The new techniques are 
incredibly fast, accurate and 
inexpensive… 

• They promise a true biological 
revolution as profound as the ICT 
revolution
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How?
The combination of 

the Biological and the ICT revolutions 
will bring down costs dramatically…



Exploring the possibilities of radically new 
concepts:

• Here I mean the scientific study of the possibilities of :

• lab-produced meats, 
• single cell proteins 
• New developments in aquaculture, 
• algae-based fuels.  And..
• New approaches to enriching soil fertility through 

biological approaches rather than just adding chemical 
fertilizers. 



The future will belong to those who will 
promote Science, Technology And Innovation 

(STI)



STI
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But, in General…



First, make sure that existing best practices are 
generalized, from conservation agriculture to 

water management, etc. …



Conservation , 
no till 
Agriculture…



We should also diversify into properly 
managed aquatic resources



Fisheries catch has plateaued since the 1990s



Global Resources



All this in addition to working on all the other 
SDGs….



This will require better scientific understanding 
of our environmental reality and our processes 

of interaction with it…
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This will require a lot of research…
Let’s look at a program for deltas…

(although I believe that the layer model is 
applicable much more widely than just deltas)



On Building Resilience



Resilience …



Example: 
A Scientific Approach to the Study of Deltas 

(Established at Wageningen University -- 2010) 





Framework for Delta Assessment

Source: Delta Alliance, Comparative Assessment of the Vulnerability and Resilience of Ten Deltas, Synthesis 

Report,  Wageningen University, Netherlands, 2010, p.



DPSIR Approach of OECD



Once we know the path we want to 
pursue, we must prioritize actions, 
monitor implementation and revise 
our plans continuously



BUT…Every question 
is linked to a host of other issues















The Layer Model

Source: Delta Alliance, Comparative Assessment of the Vulnerability and Resilience of Ten Deltas, Synthesis 

Report,  Wageningen University, Netherlands, 2010, p.20
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The Layer Model

Source: Delta Alliance, Comparative Assessment of the Vulnerability and Resilience of Ten Deltas, Synthesis 

Report,  Wageningen University, Netherlands, 2010, p.20



That is how Science will help us cope with every 
aspect of dealing with poverty and inequality



Conclusions



From the design of evidence-based regulations, 

to proper assessment of how policies and 

programs are working… 

Science is essential…



For dealing with poverty we must reach to the 

small holder farmers, especially in Africa and 

Asia, and bring a doubly green revolution that 

will lower food prices and increase production… 

Again Science is essential… it will transform 

agriculture.



Revisiting past recommendations

• I have always been committed to the following 

recommendations

• I have always believed that only Science will help 

us overcome the challenges

• But now the challenges have grown bigger…

• But science has and is evolving dramatically…



So for what Science can do for poverty and 

inequality…



Ten Commandments For 

Global Agriculture
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1. Reform Policies And Markets

• Globally:  Fair trade

• Locally:

– Remove urban bias (education, health, etc.)

– Improve access to markets

– reduce post harvest losses
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So, dealing with global poverty 

requires that we address rural 

poverty…

AND

A special focus on small-holder 

farmers in developing countries in 

particular to address the problem of 

food security



The Ten Commandments For 

Transforming Global Agriculture

1. Reform Policies And Markets 

2. Focus On Small-holder Farmers

3. Husband Natural Resources

4. Raise Agricultural Productivity

5. Improve Nutritional Content

6. Address Short-term Vulnerability

7. Empower Women

8. Reach Out To The Ultra-poor

9. Support Science 

10. Translate Rhetoric Into Action



3. Husband Natural Resources

• Agriculture is the major interface between people 

and nature

• Sustainable development is beneficial for all

• Resource degradation hits the poor worst



One of the most important environmental 

actions is to reduce the need for more 

land under cultivation



It will preserve habitats and 

biodiversity
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4. Raise Agricultural Productivity

• Productivity must rise faster than 
price declines to generate surpluses 
for the small-holder farmers and 
reduce their poverty as their cheaper 
products help reduce the poverty in 
the cities

• Measure in terms of Total Factor 
Productivity (land, water, labor, 
energy and chemical inputs)



Rice production and Rice price over time



Future Challenges

To Produce 

More Food

Increasing

Population

Less Water

Less Land

Less Labor

Less Chemicals
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5. Improve Nutritional Content

• Enormous health benefits

• Bio-fortification is just the beginning 

• Edible vaccines?



Without With

Sweet Potatoes with and Without Beta-

Carotene





Longer, More Productive Lives
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6. Vulnerability and Resilience

• Floods, Droughts and pests (e.g. Locusts)
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7.  Empower Women

• Essential to recognize the gender dimension of 

agriculture

• Empowering Women results in major 

improvements in infant mortality, school 

enrolments, child morbidity
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8. Reach Out To The Ultra-Poor

• Market incentives do not work for the ultra-poor

• Trickle-down does not work

• Special Programs will be needed



Landless Farm Workers



Refugees and 

Internally 

Displaced 

persons and 

those in very 

poor 

environments
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9. Support Science

• We need more support for science in developing 

countries

• Not just technology to be purchased from the rich 

countries
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Rhetoric
Declarations
Plans
Targets

Action



“We have the capacity to 

eliminate hunger from the 

face of the earth in our 

lifetime.  

We need only the will.”

President John F. Kennedy
World Food Congress 1963
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Envoi



There is 

so much 

we can do 

for a 

whole 

generation



For The Whole World…



Thank You





The images used in this 

presentation are strictly for the 

educational purpose of this 

lecture.  Any use by anyone for 

any other purpose should be after 

consulting the copyright owners 

of these pictures




