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Module 12 — Digital Agriculture

This Module of the Toolkit for Digital Transformation of Cities and Communities focuses on
digital agriculture aspects.

Cities and communities that are starting on their digital transformation journey will find the
resources highlighted within this Module useful toward encouraging the use of smart
technologies, devices and systems to promote enhanced agricultural outcomes.

This Module is also useful for cities and communities that have already made some
headway into their digital transformation process but would like to validate the effectiveness
of IoT and other smart applications for this purpose.

This Module will underscore how digital technologies have the potential to revolutionise
agriculture by facilitating data-driven insights to improve decision-making, enhance
environmental performance, improving yield, while ensuring transparency along the food
supply chain.
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Module 12 — Digital Agriculture

This Module will cover the following topics:

1. Agricultural Challenges

2. Digital Agriculture Solutions

3. Key Digital Agriculture Tools g
1. Digital Agriculture Tool #1: Digital farming R\

2. Digital Agriculture Tool #2: E-agriculture strategy

3. Digital agriculture Tool #3: Programming Toolkit

4. Digital Agriculture Tool #4. E-agriculture in action

\?/ Food and Agriculture
\@ Organization of the

United Nations






Current Status

Number of people affected by hunger globally rose to as many as
828 million in 2021, an increase of about 46 million since 2020

45 million children under the age of five were suffering from
wasting, the deadliest form of malnutrition

3
The global volume of food wastage is estimated at 1.6 billion
D [] tonnes
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Terminology - FAO

Welcome to the new FAO TERM PORTAL!

19/09/2014
Due to the nead to adapt our terminological database to the new FAD template, we have released a new version of

the FAC Term Portal, with FAOTERM, our historical database, NOCS, the Mames of countries database, as well as
the thematic glossaries developed with interested partners all on one page.

The new FAQ TERM PORTAL has been upgraded also to make it more user-friendly and, above-all, much faster. Take
a8 minute to have a try! Your feedback is essential to improwve our work.
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Food Insecurity

Current trends

Rising hunger Global nature of the problem

(] M

Progress off track to Slow growth or declining
meet targets economies most affected

EXPLANATION OF FOOD-INSECURITY SEVERITY LEVELS MEASURED BY THE FIES IN SDG INDICATOR 2.1.2

FOOD SECURITY
Adeguate occess 1 faed in bath qudlity
wd geonaty

Preople expeneniing modwete foed
ecerty for encerteinties obout their
aility 1 chtom foed end howe been
forted o compromae on the quality
and /o quentity of the faod they oeseme

SEVERE FOOD INSECURITY

Prople expenencieg severe fead imsecunity
beve sypically rvn out of faod ané, ot
worst, gose ¢ doy (or deys) withau! eting

SOURCE: FAD. . (NDICATOR 2 1 2
» hm‘“-ﬁlﬁl
macurity in the pepulation based o the FIES

Food Insecurity Experience Scale (FIES) (source)
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https://farmingfirst.org/2019/07/rising-food-insecurity-linked-to-economic-decline-says-new-sofi-report/

Challenges in the Agricultural Sector

Y T O

Biodiversity Loss Food wastage Water loss
Food Security Climate change Food distribution
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Greenhouse Gases
26% of global
Greenhouse gas emissions

Non-food
38.7 billion
tones CO,eq

74% global
emissions

Food

13.7 billion tons
CO,eq

26% global
emissions

The Impacts of Farming

Land use
50% of global habitable
(ice and desert-free) land

Forests, urban
area, shrubs,
freshwater

51 million km?

50% global
habitable land

Agriculture
51 million km?
50% global
habitable land

Freshwater use
70% of global
Freshwatear withdrawls

Industry (19%)
&Households (11%)

Agriculture
70% global
Freshwater
withdrawals

Impacts of food and agriculture on limited resources (source)

Eutrophication
78% mammal ocean
& freshwater pollution

Other sources
22% global
eutrophication

Agriculture
78% global
eutrophication

Biodiversity
94% mammal biomass
(excluding humans)

Wild mammals (6%)

Livestock
94% global
Mammal biomass
(Exc. Humans)
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https://www.smartdubai.ae/docs/default-source/default-document-library/emerging-trends-report.pdf?sfvrsn=cc40857f_0

Standardization for the Agricultural Sector

How will the world feed

9.7 hillion peogle by 20507
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What is Digital Agriculture?

Digital agriculture is the seamless integration of digital
technologies into crop and livestock management and
other processes in agriculture. For farmers, digital
agriculture offers the opportunity to increase production,
save costs in the long-term and eliminate risk.
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Digital Agricultural Revolution

> Digitalization will change every part of the agrifood chain.

Management of resources throughout the system can become highly optimized,
individualized, intelligent and anticipatory.

whilst different fields, crops and animals can be accurately managed to their own

Value chains will become traceable and coordinated at the most detailed level
optimal prescriptions.

adaptable to changes such as those caused by climate change.

) Digital agriculture will create systems that are highly productive, anticipatory and

> Could lead to greater food security, profitability and sustainability.

¥
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Digital Agricultural and the SDGs

2 e

Digital agriculture has the potential to deliver economic

benefits through increased agricultural productivity, cost

efficiency and market opportunities, social and cultural
benefits through increased communication and inclusivity
and environmental benefits through optimized resource
use as well as adaptation to climate change.
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Role of ICTs in Agriculture

Regulatory frameworks Agricultural innovations systems
ICTs assist with implementing regulatory policies, ICTs bridge the gap between agricultural researchers,
frameworks and ways to monitor progress academia, extension agents, various market players

and farmers

Capacity development
and empowerment

ICTs widen the reach of local communities
(including women, youth and elders) and
provide newer business opportunities,
thereby enhancing livelihoods

Sustainable farming

ICTs offer improved access and
knowledge to sustainable farmin

practices, plant protection and anima

health or climate-smart solutions

Role of

ICTs in AT A
5 isaster risk managemen
Agriculture and early warning system

ICTs provide actionable information to
communities and government on disaster
prevention, in real time, such as agro-meto
information, while also providing advice on
risk-mitigation

Financial services
and insurance

ICTs increase access to financial services
for rural communities, helping to secure
savings, find affordable insurances and
tools to better manage risks

Food safety and traceability Enhanced market access

ICTs help deliver more efficient and reliable data to comply with ICTs facilitate market access for inputs and
international traceability standards and food nutrition aspects products as well as trade

£
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The Objectives of Precision Farming

Food security Less water usage Less pesticide usage

A®

P O

Less GHG emissions Greater worker safety
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Emerging Technologies in Efficient Farming
(Agtech)

b s Sn

Drones Data and loF Robotic automation AgRobots Livestock wearables
1010 B

1010 &% Q 7 §

Machine learning and Blockchain Artificial intelligence Innovative farming Biotech
precision farming
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Introduction to Key Tools for Digital Agriculture

Tool #1.
Digital
farming

Tool #2:
E-agriculture
strategy

Tool#3:
Programming
Toolkit

Tool #4:
E-agriculture
In action

(@

Food and Agriculture
Organization of the
United Nations




Digital Farming
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Digital Farming

Conceptual diagram of digital farming based on networks

o

Agricultural producer

Telecommunications
network

\ Service provider

Market

Y.2238(15)_FO01

mu-T

International Telecommunication Union

ITU-T Y.2238

TELECOMMUNICATION (06/2015)
STANDARDIZATION SECTOR
OF ITU

SERIES Y: GLOBAL INFORMATION
INFRASTRUCTURE, INTERNET PROTOCOL ASPECTS
AND NEXT-GENERATION NETWORKS

Next Generation Networks — Service aspects: Service
capabilities and service architecture

Overview of Smart Farming based on networks

Recommendation ITU-T Y.2238

Recommendation ITU-T Y.4450/Y.2238

Organization of the
United Nations

ﬁ Food and Agriculture



https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/rec/T-REC-Y.2238-201506-I/en

Reference Model of Digital Farming Based on

Networks

Pre-production

stage |, Production stage L Post-production stage _
4 Agricultural producer | ( Distributor "\ (" Consumer )
|

Packaging/

Planning Seeding Breeding Harvesting
= = = = storage

Demand Market
Agricultural forcasting consulting
information
repository Consumer
consulting

traceability

- Price
i inquiry
\S ~/
]

\

* |

|
. | J
| | Y.2238(15)_F02

‘Overview of digital farming based on networks’

mu-T

International Telecommunication Union

ITU-T Y.2238

TELECOMMUNICATION (06/2015)
STANDARDIZATION SECTOR
OF ITU

SERIES Y: GLOBAL INFORMATION
INFRASTRUCTURE, INTERNET PROTOCOL ASPECTS
AND NEXT-GENERATION NETWORKS

Next Generation Networks — Service aspects: Service
capabilities and service architecture

Overview of Smart Farming based on networks

Recommendation ITU-T Y.2238

Recommendation ITU-T Y.4450/Y.2238

Organization of the
United Nations
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https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/rec/T-REC-Y.2238-201506-I/en

Smart Services to Address Farming Challenges

=]

Farm products traceability

Farm products protection

¢
d
He<©®

mu-T

ITU-T Y.2238
TELECOMMUNICATION (06/2015)
STANDARDIZATION

OF ITU

SERIES Y: GLOBAL INFORMATION
INFRASTRUCTURE, INTERNET PROTOCOL ASPECTS
AND NEXT-GENERATION NETWORKS

Next Generation Networks — Service aspects: Service
capabilities and service architecture

Overview of Smart Farming based on networks

Recommendation ITU-T Y.2238

Remote farm management Farm production regulation

Recommendation ITU-T Y.4450/Y.2238
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https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/rec/T-REC-Y.2238-201506-I/en

Concept of Agriculture Information-Based
Convergence Service

ITU-T Y.2245

TELECOMMUNICATION (09/2020)
STANDARDIZATION SECTOR
OF U

SERIES Y: GLOBAL INFORMATION
INFRASTRUCTURE, INTERNET PROTOCOL ASPECTS,
NEXT-GENERATION NETWORKS, INTERNET OF
THINGS AND SMART CITIES

Next Generation Networks — Service aspects: Service
capabilities and service architecture

Solution Solution

Network with IoT

Service model of the agriculture information
based convergence service

Service provider
Data

Recommendation ITU-T Y.2245

ITu-r

Greenhouse  Greenhouse Logistics Market
construction agent

Y.2245(20)_F01
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https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/rec/dologin_pub.asp?lang=e&id=T-REC-Y.2245-202009-I!!PDF-E&type=items

Architecture for Agriculture Information-Based
Convergence Service

TELECOMMUNICATION (09/2020)
STANDARDIZATION SECTOR
OF Imu
4 N ~ : SERIES Y: GLOBAL INFORMATION
Service p]‘l]\"ld ers = INFRASTRUCTURE, INTERNET PROTOCOL ASPECTS,
- NEXT-GENERATION NETWORKS, INTERNET OF
THINGS AND SMART CITIES

Data convergence
Service function
users

Next Generation Networks — Service aspects: Service
capabilities and service architecture

Service model of the agriculture information
based convergence service

Information Data
delivery management
function function Agricultural

information
repository

-

P — ——— i ———— o

Recommendation ITU-T Y.2245

Iru-r
&
f
H
i
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Network with IoT

Y.2245(20)_F02

\?/ Food and Agriculture
% Organization of the

United Nations



https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/rec/dologin_pub.asp?lang=e&id=T-REC-Y.2245-202009-I!!PDF-E&type=items

Requirements and framework for smart
livestock farming based on IoT

Smart livestock farming based on loT .

| Serviee provider

Smart livestock farming based on loT

Animal products
Dairy, eggs,
bee prod., ete.

Slaughtering

Transportation
logistics
traceability

Post-production stage

Food
traceability

Post-production stage

loT

S

Y.4482(22)

Planning/production consultant

Service provider

L LoT provider

Production
information

repository

Demand forecasting

Retailers + consumers

Market consultant

Backup. analysis and

¥.4482(22)

=
3
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International Telecommunication Union

ITU-T Y.4482

TELECOMMUNICATION (08/2022)
DARDIZATION SECTOR
OF ITU

SERIES Y: GLOBAL INFORMATION
INFRASTRUCTURE, INTERNET PROTOCOL ASPECTS,
NEXT-GENERATION NETWORKS, INTERNET OF
THINGS AND SMART CITIES

Internet of things and smart cities and communities —
Frameworks, architectures and protocols

Requirements and framework for smart
livestock farming based on the Internet of
things

Recommendation ITU-T Y.4482
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https://www.itu.int/rec/T-REC-L.1470-202001-I/en

Tool #2
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E-agriculture Strategy
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What is e-Agriculture

TELEPHONE MOBILE

Interactive voice

Advisory, sales, banking,
response

networking

COMPUTERS INTERNET AND
AND WEBSITES BROADBAND

Agriculture information & |
and markets e-community, bankin

market platform, tra:?i'ng, etc.

SENSOR
BROADCASTING NETWORKS

Expertise sharing,

Real time information,
advisory, community

better data quantity and
quality, decision making

DATA STORAGE
SATELLITE AND ANALITYCS

Weather,
universal accesibility,
remote sensing

Precision agriculture,
actionable knowledge

Knowledge sharing social media,

Food and Agriculture
§'°) Organization of the
United Nations

NATIONAL
E-AGRICULTURE
STRATEGY

The e-agriculture strategy guide is a framework to assist countries in shaping
their national e-agriculture strategy, identifying and ping sustainabl
services and solutions based on the use of Information and Communication
Technologies (ICTs) in agriculture.
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https://ec.europa.eu/eip/agriculture/sites/default/files/2017-faobrochure-national_eiagriculture_strategy.pdf

Why is an e-Agriculture Strategy Important?

Context
Vision and
strategic 5
recommendations Trends' and
practices

Opportunities,
gaps and risks

Information

Components
gathering P

S
29ing g ek ©
e vision develop™

(@

Food and Agriculture
§'°) Organization of the
United Nations

NATIONAL
E-AGRICULTURE
STRATEGY

Technologies (ICTs) in agriculture.
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https://ec.europa.eu/eip/agriculture/sites/default/files/2017-faobrochure-national_eiagriculture_strategy.pdf

Developing a National E-agriculture Strategy

\

United Nations

National
Agriculture
Vision

> -

| o 5 ' National
ICT sector. ' : S
s e E-agriculture . Monitoring & .
s Action Plan : E-agriculture
| [evgrqg,c? | Vision - Evaluation E-AGRICULTURE STRATEGY GUIDE
‘opportunity: |IE - Strategy — T T——

W S PILOTED

Food and Agriculture s
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https://www.itu.int/en/ITU-D/ICT-Applications/Pages/e-agriculture.aspx

Tool #3
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Programming Toolkits
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Digital Tools in Agriculture

POST-HARVEST
Storage Processing Transport

PLANNING INPUTS ON-FARM ACCESSTO

PRODUCTION MARKETS

* Help farmers plan * Reduce = Help extension = Improve links = Increase * Reduce costs * Increase ability of
what, when to plant counterfeits services reach between farmer of transport smallholder farmers

through applied
data

harvest losses.

Manitor
storage
conditions

r FIAER: 11 I
* Tighten relationship *  Reduce costs and more farmers farmers, egotiating *  Increase to sell to larger
PrOCESSOrs power by ; markets by allowing \
with buyers, risks for buyers *  Provide timely providing choice of buyers to track crops
PrOCESSOrS reminders/alerts * Reduce post different
* Increase access harvest loss market prices e of 1o source

+ Adapt to climate to guality inputs *  Use behavior with . Track trialmpert for (certification and
change Enable sellers to change m:i: to digitally-enabl farmers pravenance}

* Provide data for knew demand in p:z::; amon ed harvest Increase Increase market
farmers to make advance r E loans and access to information available
business decisions on armers digitally timehy to farmers so that
cash flow and Provide Increase warehouse infarmation so they have more
maximizing profit convenient and precision and/ar receipts that farmers choices

secure ways for adaptability of . know if and
farmers to farming L"'fﬂm when
purchase, save, interventions and anvest transport is
and recelve credit cron choices practices to arving
inputs P reduce post
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Digital Tools in Agriculture Programming Toolkit

7N

Precision Agriculture, More effective data
both on- and off-farm collection, analysis
and dissemination

& FEEDIFUTURE

Digital Tools in USAID Agricultural
Programming Toolkit

Financial inclusion
through Digital
Financial Services

Better information
delivery through
mobile-enabled

extension services

(@UsAD

Food and Agriculture
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https://www.ictworks.org/wp-content/uploads/2018/04/Programming-Toolkit-Digital-Tools-for-Agriculture.pdf

Digital Tools in Agriculture Programming Toolkit

& FEEDIFUTURE

-
Fayment Successfil

. 57 \ = x g% Digital Tools in USAID Agricultural
) ' o Programming Toolkit
(1) Data-Driven (2) Precision (3) ICT-Enabled (4) Digital
Agriculture Agriculture Extension Financial Services ) usAID
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https://www.ictworks.org/wp-content/uploads/2018/04/Programming-Toolkit-Digital-Tools-for-Agriculture.pdf
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Examples of E-agriculture
®

RGB-VNHGAW2A-A1-20G-0

E-AGRICULTURE
» IN ACTION

¢ a2
a

Tmn
il.
WYNLIINAWOA) oSiInlose

3D food printing Digital knowledge support Electronic traceability solution
to farmers for agriculture
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https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/en/ITU-D/ICT-Applications/Pages/e-agriculture.aspx

Examples of Data and E-agriculture
@

I
E-A(%RI_CULTURE IN ACTION:

a | N »= FORAGRICULTURES,
L}:“", Sy NI S
v ‘;’ _ _| &
'f&?g g
k
. 5 =

olJ Interactive web portal +
WhatsApp alerts

Big data ecosystem for Mobile solutions and Satellite data and Al for
disaster resilience assistance financial inclusion of small
farmers
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https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/en/ITU-D/ICT-Applications/Pages/e-agriculture.aspx

Examples of Blockchain and E-agriculture -
@i

E-AGRICULTURE IN ACTION:

FOR AGRICULTURE

Opportunities and Challenges

Financial and agricultural risk Blockchain for Blockchain for
management for smallholders agri-supply chains cash-based transfers
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https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/en/ITU-D/ICT-Applications/Pages/e-agriculture.aspx

Examples of Drones and E-agriculture

2 A Y
Fobd and Agrichltaf&Organization &
ofthe'United Nation®eH
3 1

AT

53 4

E-AGRICULTORE {N ACTION: .

DRONES

FOR AGRICULTURE

UAVSs in agriculture: Mapping and monitoring Unmanned helicopters
regulations and good practices rice areas for agriculture
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https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/en/ITU-D/ICT-Applications/Pages/e-agriculture.aspx

Examples of Artificial Intelligence in E-agriculture

DIGITAL AGRICULTURE IN ACTION
ARTIFICIAL INTELLIGENCE
FOR AGRICULTURE

\ Sroattinesiete g | ;
N " .

Crop, soil, and Detection of pests Weather and Predictive analytics Autonomous
livestock and diseases temperature agricultural robots
monitoring forecasting and farm
equipment
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https://www.itu.int/rec/T-REC-L.1470-202001-I/en
https://www.itu.int/en/ITU-D/ICT-Applications/Documents/Publications/DigitalAgriculture_AI4Agri.pdf

Module 12—
Digital Agriculture

Thank you for completing this Module of the ITU Toolkit for Digital
Transformation of Cities and Communities.

We hope that you found the information in this Module useful toward planning
and initiating your city or community’s digital transformation process.

Please review the resources highlighted within for further details, including
valuable real-world use cases, on how to get started on — and optimize from
the onset — your city or community’s digital transformation journey.

Toolkit on Digital
Transformation for People-
Oriented Cities and Communities

u4dssc@itu.int
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mailto:u4ssc@itu.int
https://www.itu.int/en/ITU-T/ssc/Pages/Toolkit.aspx
https://www.itu.int/en/ITU-T/ssc/Pages/Toolkit.aspx
https://www.itu.int/en/ITU-T/ssc/Pages/Toolkit.aspx
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