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What is needed to satisfy food demand by 2050?

- Several studies have shown that global crop production needs
to double by 2050 (Hunter et al, 2017; Ray et al, 2013; Tilman
et al, 2011).

- Studies have shown that yield increase rate of 2.4 % per year
is needed to double production for maize, rice, wheat and
soybean.
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What is needed to satisfy food demand by 2050?

- What are the actual rates of yield increase for maize, rice,
wheat and soybean?

- Do these actual rates of yield increase are sufficient to meet
crop production by 2050?

4



What is needed to satisfy food demand by 2050?
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What is needed to satisfy food demand by 2050?

Ray et al (2013) 7



What is needed to satisfy food demand by 2050?

67 %

42 %

38 %

55 %

Ray et al (2013) 8



Can we opt to increase agricultural land to meet 
food demand by 2050? why not? 
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Can we opt to increase agricultural land to meet 
food demand by 2050? Why not? 
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Meeting goals for food 
security

and environmental 
sustainability

- Several studies have shown that if developing countries
continues to cultivate "new" lands, this will negatively affect
the environment and agricultural resources.

- 1 billion hectares of "new" farmland equals 3 giga tons per
year of CO2 equivalent greenhouse gas emissions and 250
million tons / year of nitrogen use (Tilman et al, 2011).
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Meeting goals for food 
security

and environmental 
sustainability

Foley et al (2011)
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Meeting goals for food 
security

and environmental 
sustainability

Foley et al (2011)
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Meeting goals for food 
security

and environmental 
sustainability

We need to think in sustainable way
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Meeting goals for food 
security

and environmental 
sustainability

•Progress can be made by:

✓Increase crop productivity (decrease yield gap)

✓Increase input efficiency (water, nutrients and chemicals)

✓Reducing waste
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Meeting goals for food 
security

and environmental 
sustainability

We need to close yield gap while ensuring water 

sustainability especially in water scarce regions
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Meeting goals for food 
security

and environmental 
sustainability

- At which extent irrigation can be expanded with presently
cropland without depleting environmental flows?

- Recent study has shown that global water consumption for
irrigation could increase in sustainable way by 48 % (408 Km3)
equivalent to expanding irrigation to current 26 % rainfed
cropland and able to feed 2.8 billions (Rosa et al, 2018).

- Need to focus on supplemental irrigation and water
harvesting techniques.
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Meeting goals for food 
security

and environmental 
sustainability

- How to know or to understand which agricultural areas have a
high potential for closing yield gap?

- We need spatial and temporal information on land to monitor
the current situation of agricultural systems and to inform
policy makers and stakeholders about the present state and
the future trend of agricultural and environmental
sustainability.
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Remote Sensing can contribute to monitoring agriculture by providing spatial

and temporal analysis about the status of the cropping system with efficient

cost and repetitive information (Atzberger, 2013; Justice et al, 2002).

Meeting goals for food 
security

and environmental 
sustainability
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• Global information and early warning system (GIEWS)

http://www.fao.org/giews/en/

• Famine Early Warning System https://fews.net/

• Joint Research Center’s Monitoring Agricultural Resources (MARS)

https://ec.europa.eu/jrc/en/mars

Overview of large-scale agricultural monitoring systems
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Overview of large-scale agricultural monitoring systems

• Earth Observations Global Agricultural Monitoring Initiative (GEOGLAM)

http://earthobservations.org/geoglam.php

• CropWatch http://www.cropwatch.com.cn/htm/en/index.shtml

• CropExplorer https://ipad.fas.usda.gov/cropexplorer/

• Anomaly Hot Spots of Agricultural Production https://mars.jrc.ec.europa.eu/asap/

• Global Monitoring for Environment and Security (GMES) and Africa, Joint Africa-EU

Strategy – undergoing..

• AOAD Geoportal – undergoing..
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Overview of large-scale agricultural monitoring systems

• Satellite data and modeling tools can provide valuable information for

early decision making over large areas and reasonable costs.

• Stakeholders are enable to identify geographically where production is

increasing or affected.

• Stakeholders can make strategies on improving land productivity and

reducing yield gaps.
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Physical basis of remote sensing
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What is remote sensing?

The science and art of obtaining information about an object,

area, or phenomenon through the analysis of data acquired

by a device that is not in contact with the object, area or

phenomenon under investigation (Lillesand and Kiefer, 1994).
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Two remote sensing systems

Passive remote sensing uses existing

naturally radiation.

Passive sensing systems measures the

amount of reflected or emitted radiation
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Two remote sensing systems

In active remote sensing, the system emits

pulses of radiation from an antenna.

Active sensing systems measures the

amount of backscattered radiation.

In our workshop, we will focus on passive remote sensing
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Interpretation of remote sensing

Every physical body/object with temperature (T) > 0 K (-273°C)

emits electromagnetic (EM) radiation due to molecular agitation.
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Interpretation of remote sensing

By recording emitted/reflected radiation with knowledge of its behavior

and how it passes through the Earth’s atmosphere, interacts with objects,

remote sensing analysts develop knowledge of the character of features such

as vegetation, structures, soil, rocks or water bodies on the earth surface.

(Campbell and Randolph, 2011)
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Interpretation of remote sensing

Interpretation of remote sensing depends on a sound understanding of EM

and its interactions with surfaces and the atmosphere (Campbell and Randolph,

2011).
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Electromagnetic Spectrum

Nuclear reactions in the sun produce a full spectrum of EM radiation. Then, it

is transmitted through space without major changes.

As this radiation approaches the Earth, it passes through the atmosphere

before reaching the earth surface.
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Electromagnetic Spectrum

Sum of the EM radiation
is reflected upward from
the Earth surface.

Other solar radiation is
absorbed and reradiated
by the Earth .
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Electromagnetic Spectrum

EM radiation consists of an electrical field (E) that varies in a magnitude in 

a direction perpendicular  to the direction of propagation. Magnetic field 

(H) is oriented at right angle and is propagated in phase with (E). 

32



Electromagnetic wave
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Electromagnetic radiation

Does the EM has a continuous or discrete phenomena?
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The dual properties of Electromagnetic radiation

Newton was among the first to recognize the dual nature of light which

simultaneously displays behaviors associated with both discrete and

continuous phenomena.

(Campbell and Randolph, 2011)
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The dual properties of Electromagnetic radiation

Newton was among the first to recognize the dual nature of light which

simultaneously displays behaviors associated with both continuous and

discrete phenomena.

(Campbell and Randolph, 2011)
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The dual properties of Electromagnetic radiation

Newton maintains that light is a stream of minuscule corpuscles (particles)

that travel in straight line.

Consistent  with  the  modern  theories  of  Max  Planck  (1858-1947)  and

Albert Einstein (1879-1955).

Planck discovered that EM is absorbed and emitted in discrete units called

photons or quanta. The  size  of  each  unit is  directly  proportional  to  the  

frequency  of  the energy radiation. (Campbell and Randolph, 2011) 37



The Electromagnetic Spectrum

livescience

Increasing wavelength
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Principles divisions of the Electromagnetic Spectrum

Division                                                               Limits

Gamma rays                                                        < 0.03 nm

X-rays                                                                   0.03-300 nm

Ultraviolet radiation                                          0.30-0.38 µm

Visible light                                                         0.38-0.72 µm

Infrared radiation

Near infrared                                                   0.72-1.30 µm

Mid infrared                                                     1.30-3.00 µm

Far infrared                                                      7.0-1000 µm (1 mm)

Microwave radiation                                         1 mm-30 cm

Radio                                                                    ≥ 30 cm

(Campbell and Randolph, 2011)
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Ultra Violet radiation region

Lies between X-rays and the limit of human vision.

UV radiation is easily scattered by the atmosphere, so, it is not easily used

by remote sensing of objects/materials of the Earth surface.
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Visible radiation region

Very small portion of the spectrum.

Very important in remote sensing.

With the approach that visible light can be divided into three colors, Blue,

Green and Red are called primary colors.
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Visible radiation region

The primary colors cannot be formed from mixture of other colors.

All other colors can be formed by a mixture of primary colors in different

proportions.

The color of an object is defined as the color of the light that it reflects.
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Visible radiation region

Intermediate colors are formed when an object reflects two or more of the

additive primary colors.

Yellow is an absorption of blue and reflection of red and green.

Magenta is an absorption of green and reflection of red and blue.

Cyan is an absorption of red and reflection of green and blue.
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Visible radiation region

White is ...........................

Black is ………………………….

Why are plants green?
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Infrared radiation region

Near infrared and mid-infrared are close to the visible spectrum.

Far infrared is well beyond the visible spectrum.

IR region is very useful in vegetation monitoring
45



Infrared radiation region

Near infrared is essentially solar radiation reflected from the Earth’s surface.

Far infrared radiation is emitted by the Earth. It consists of heat or thermal

energy.

Thermal Infrared Region is very useful in monitoring water stress in 

vegetation 
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Remember the continuous and discrete properties of 
radiation!

Continuous as wave model:

- Wavelength λ: distance between successive crests.

- Frequency υ: the number of cycles of a wave passing a fixed point over a

specific period of time measured in Hz or cycle/second.

- c = λ x υ: radiation velocity.
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Remember the continuous and discrete properties of 
radiation!

Discrete as photon model:

- EM is composed of discrete units called photons, when quantifying the

amount of energy measured by a sensor.

- Energy held by a photon of a specific λ:

Where 𝑄 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑎 𝑝ℎ𝑜𝑡𝑜𝑛, ℎ 𝑖𝑠 𝑡ℎ𝑒 𝑃𝑙𝑎𝑛𝑐𝑘′𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

6.6262 . 10−34 𝑗 𝑠 𝑎𝑛𝑑 υ 𝑡ℎ𝑒 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 (𝐻𝑧)

𝑄 = ℎ × 𝜐 = ℎ ×
𝐶

𝜆
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Remember the continuous and discrete properties of 
radiation!

Would you interpret the figure below!
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Remember the continuous and discrete properties of  
radiation!

Remember! All objects with T > 0 K emit radiation

- The amount of the energy and the wavelengths at which it is

emitted depend on the temperature of the object.

- As temperature increases, total amount of energy increases and the

wavelength of maximum emission becomes shorter.

(Campbell and Randolph, 2011)

- These relationship can be expressed formally using the concept of the

blackbody.
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Blackbody concept

Remember! All objects with T > 0 K emit radiation

- A blackbody is a hypothetical source of energy. It absorbs all incident

radiation. A blackbody emits energy with perfect energy. Its effectiveness

as a radiator depends only on its temperature.

(Campbell and Randolph, 2011)

- In nature, all objects reflects at least a small portion of the radiation that

strikes them and so, they do not act as perfect blackbody.
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Kirchhoff’s law

Remember! All objects with T > 0 K emit radiation

- Kirchhoff’s law states that the ratio of emitted radiation to absorbed

radiation flux is the same for all blackbodies at the same temperature.

(Campbell and Randolph, 2011)

- This law forms the basis for the definition of the emissivity (ϵ), the ratio

between the emittance of a given object (M) and that a blackbody at

the same temperature (Mb):
ϵ = M/Mb
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How would be the emissivity of a blackbody?
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How would be the emissivity of a white body?
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How would be the emissivity objects in nature?
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How would be the emissivity objects in nature?
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The Stephen-Boltzmann law

- The Stephen-Boltzmann law defines the relationship between the total

emitted radiation (W) in Watts cm-² and the temperature (T) in K.

In a blackbody: W = σ.T4

σ = 5.6697 x 10-8 (watts.m-².K-4)
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The Wien displacement law

- The Wien’s displacement law defines the relationship between the

wavelength of the radiation emitted and the temperature of the blackbody

λ = 2897.8/T

- As blackbody becomes hotter, the wavelength of maximum emittance

shifts to shorter wavelength .
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The Wien displacement law
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Interaction of radiation with the atmosphere

- All radiation used in remote sensing must pass through the Earth’s

atmosphere.

- Imagine that a sensor in on board of aircraft (low flying) or drone, does the

influence of the image is high or low on the quality of a captured image by

a camera/sensor?
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Interaction of radiation with the atmosphere

http://greenfallacies.blogspot.com/2017/02/evaporative-cooling.html

Illustration of the interactions of

radiations with the Earth atmosphere.

Source of effects: haze, dust, smoke,

scattering, absorption and refraction.
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Interaction of radiation with the atmosphere

https://earth.esa.int/image/image_gallery?img_id=392500

The amount of scattering increases
greatly as wavelength becomes
shorter (Rayleigh, 1890).

Rayleigh scattering occurs when
atmospheric particles have a
diameter (d) very small comparing to
the wavelength. Such nitrogen (N2)
or oxygen (O2) (< λ Vis and NIR).
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Why the sky is blue at mid-day?
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Why the sky is reddish at sunset?
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Rayleigh scattering is wavelength dependent

65



Why clouds appear white?
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Why clouds appear white?

Non selective scattering:  

d >> λ

(water droplets in clouds), 
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Hazy atmosphere

Mie scattering: d ≈ λ

It tends to be greatest in 

lower atmosphere 0-5 km
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Refraction

Refraction occurs as light 

passes through atmospheric 

layers of varied clarity, humidity 

and temperature.
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Absorption

Absorption of radiation occurs when 

the atmosphere prevents or strongly 

attenuates transmission  through the 

atmosphere.

Three gazes are responsible for 

most absorption of solar radiation: 

Ozone (O3), Carbon dioxide (CO2) 

and water vapor (H2O).  70



Atmospheric windows: Transmission of EM radiation is 
selective
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Overview of energy interaction in the atmosphere: Let’s 
consider 100 units of shortwave radiated from the sun

(Campbell and Randolph, 2011)
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Overview of energy interaction in the atmosphere: Let’s 
consider 100 units of shortwave radiated from the sun

(Campbell and Randolph, 2011)

It varies greatly 

used for remote sensing
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Overview of energy interaction in the atmosphere: Let’s 
consider 143 units of longwave radiated from the ground

(Campbell and Randolph, 2011) 74



Overview of energy interaction in the atmosphere: Let’s 
consider 143 units of longwave radiated from the ground

(Campbell and Randolph, 2011)

used for remote sensing
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Concept of spectral reflectance

76



Concept of spectral reflectance
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Concept of spectral reflectance
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Introduction to Geographic Information System

A Geographic Information System is a system of hardware,

software and procedures to facilitate the management,

manipulation, analysis, modelling, representation and display

of georeferenced data to solve complex problems regarding

planning and management of resources (NCGIA, 1990).
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Introduction to Geographic Information System

A Geographic Information System is a system of hardware,

software and procedures to facilitate the management,

manipulation, analysis, modelling, representation and display

of georeferenced data to solve complex problems regarding

planning and management of resources (NCGIA, 1990).
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Representation of real world

https://www.nationalgeographic.org/encyclopedia/geographic-information-system-gis/

How can we represent these data in GIS

format?
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Representation of real world

https://in.pinterest.com/pin/303711568592925101/

Real world observations need to be reduced to

spatial entities: Vector or Raster data models

82



Representation of real world

https://www.firenorth.org.au/nafi3/views/help/Maps_and_Fire_help4.htm

or polygon
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Vector data model

https://mgimond.github.io/Spatial/feature-representation.html
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Vector data model

https://mgimond.github.io/Spatial/feature-representation.html

Object view, not necessary occur at every location: discrete objects
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Vector data model

https://mgimond.github.io/Spatial/feature-representation.html

Object view, not necessary occurs at every location: discrete objects

Attribute table with one to one or many to one relations with an id for each shape

Data type can be integer, float or text format and be careful in storage space
86



Raster data model

Field view, necessary occurs at every location: 
continuous data: example satellite image

Every intersection between a row and a 
column is a pixel with a value

What do represent this value?
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Raster data model

What do represent this cell?

Example of 1 Cell with a value of 625 m
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Raster data model

One raw
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Raster data model

One column
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Raster data model

One cell

What do represent the  cell value?
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Let’s talk about a digital image

A digital image is a 2-D array of elements in which the

energy reflected or emitted from each element on the

Earth’s surface is recorded

Depending on the sensor, data are recorded in n bands

Records are given in digital number (DN) or brightness values

DN’s are stored in bit format (examples 8-bit)
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Example of different bit DN’s values

0 255

Gray level of pixels
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A digital image can include n bands called multispectral

Rows (i)

Bands (k), each band 

corresponds to the 

reflectance at specific 

wavelength range

Columns 

(j)

Digital 

Numbers

Columns (j) 

(j)
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Color Composite of an image 

A color composite of an image is created of three individual bands in which is assigned a given color: Red, Green and Blue

Example of Landsat 8 image shows a combination of RGB = Band 4, Band 3 and Band 2 (left) and RGB = Band 5, Band 4 and Band 3 (right)
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Geographic and Projected Coordinate Systems

Locations of the curved Earth

are identified based on

angular units measured from

the center of the Earth relative

to Equator and Prime

Meridian.

Longitudinal meridians stands

vertically from North to South

pole. Latitude lines stand

horizontally from East to west.
EastWest
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Geographic and Projected Coordinate Systems

Mathematical representation of

the Earth as a sphere with an

example of the point on the earth

surface with Latitude and

Longitude coordinates in degrees.

The angles are measured from the

Earth’s center to a point on the

Earth’s surface.
giscommons 97



Geographic and Projected Coordinate Systems

Is it true that the actual Earth’s shape is spheroid?
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Geographic and Projected Coordinate Systems

Actually, because of the force

caused by the rotation of the

Earth, the poles of slightly

flattened (NASA).
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Geographic and Projected Coordinate Systems

The Earth shape is more oblate

spheroid or ellipsoid.

According to NASA (Dickey et el,

2002), the shape of the Earth and

its gravity field are changing and

this appears to lie with the melting

of sub-polar glaciers and mass

shifts in the Southern. https://www.jpl.nasa.gov/news/news.php?release=2002-217
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Geographic and Projected Coordinate Systems
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Geographic and Projected Coordinate Systems

Mathematical Ellipsoid representation 

of the Earth. The difference between 

Polar diameter and Equatorial 

diameter is roughly 42 Km.

https://www.clbxg.com/Oval-Sphere/
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Geographic and Projected Coordinate Systems

Does the Earth’s is really smooth ?

https://www.clbxg.com/Oval-Sphere/
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Geographic and Projected Coordinate Systems

The Earth is not a perfect 

mathematical model. Geodesy is 

the science to measure the shape 

of the Earth. It is important to 

evaluate the accuracy assessment 

of location measurements.
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Geographic and Projected Coordinate Systems

undulations resulting from changes in 

gravitational pull across its surface and 

due to to the variability of density over 

the Earth. Geodesy is the science to 

measure the shape of the Earth. It is 

important to evaluate the accuracy 

assessment of location measurements.
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Geographic and Projected Coordinate Systems

Ellipsoid: mathematical 
model used for assigning 

latitude and longitude

Geoid: modeling this 
irregularity as 

equipotential surface to 
which gravity is normal: 
approximation to MSL

Schematic true shape of 
the Earth: irregularity of 
the Earth
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Geographic and Projected Coordinate Systems

We need to fit the ellipsoid with the 

geoid but with sum sacrifices! 

Example the World Geodetic System 1984

Many ellipsoids can be used to determine locations 

on the Earth surface with latitude and longitude: So, 

they are different coordinate systems called datums. 

So, different datums can fit better than others.
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Geographic and Projected Coordinate Systems

We need to fit the ellipsoid with the 

geoid but with sum sacrifices! 

Example the World Geodetic System 1984

Many ellipsoids can be used to determine locations 

on the Earth surface with latitude and longitude: So, 

they are different coordinate systems called datums. 

So, different datums can fit better than others.

108



Geographic and Projected Coordinate Systems

In order to represent 3D Earth dimensional surface to 2D flat dimensional surface, we need to 

transform latitude and longitude coordinates into Cartesian coordinate system.

Projections are mathematical transformations

All map projection make distortions

Distortions vary according to the projection type

Some projections are better according to their applications
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Geographic and Projected Coordinate Systems

Exist many projection models, but we can consider three groups of projections: 

planar, conic and cylindrical
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Geographic and Projected Coordinate Systems

Dimensions that have to considered according to the purpose of the projection:

Shape

Area

Distance

Direction

No map projection can preserve all these properties together.

Conformal

Equal area

Equidistant

Azimuthal
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Middlebury Remote Sensing (2016) 

Geographic and Projected Coordinate Systems

112



Geographic and Projected Coordinate Systems

Mercator projection : a cylindrical type projection

Used mostly in marine navigation since it shows

true direction between places. It also preserves

shape and angle BUT land size is distorted toward

poles.
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Geographic and Projected Coordinate Systems

Antarctica

South America

Greenland
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Hans van der Kwast (2019)
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Geographic and Projected Coordinate Systems
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Mercator 
projection 
preserves shape 
and angle but 
not area
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Mollweide
projection 
preserves area

123



glo
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Geographic and Projected Coordinate Systems

Before we finish the day, we have to think
carefully on which projection we have to use?

Geographic Extent

Data availability (local, global)

Analysis types

125



Thank you for your attention
End of part 01

Dr Nabil Sghaier AOAD
nabil.sghaier@aoad.org
nabil_sghaier@yahoo.fr

info@aoad.org
WhatsApp +21698650060
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