
THE ROLE OF SCIENCE, TECHNOLOGY AND INNOVATION  
IN BUILDING RESILIENT COMMUNITIES, INCLUDING 

THROUGH THE CONTRIBUTION OF CITIZEN SCIENCE

U N I T E D  N AT I O N S  C O N F E R E N C E  O N  T R A D E  A N D  D E V E L O P M E N T





THE ROLE OF SCIENCE, TECHNOLOGY AND INNOVATION  
IN BUILDING RESILIENT COMMUNITIES, INCLUDING 

THROUGH THE CONTRIBUTION OF CITIZEN SCIENCE

U N I T E D  N AT I O N S  C O N F E R E N C E  O N  T R A D E  A N D  D E V E L O P M E N T

Geneva, 2001919



© 2019, United Nations

This work is available open access by complying with the Creative Commons licence created for intergovernmental 

organizations, available at http://creativecommons.org/licenses/by/3.0/igo/.



iiiAcknowledgements

ACKNOWLEDGEMENTS

Organization.



iv The impact of rapid technological change on sustainable development

NOTE

research and analysis, technical assistance activities, seminars, workshops and conferences.

Tables



vTable of contents

TABLE OF CONTENTS

A. Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

B. Science: Understanding resilient communities and engaging participation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

C. Technology for building the resilience of communities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

D. Innovation: A mission-driven approach to resilience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

E. Key challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

F. Science, technology and innovation policies for building resilient communities. . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

G. International collaboration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

H. Policy considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

2. Citizen science . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

I. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35



vi The impact of rapid technological change on sustainable development

LIST OF BOXES

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

remote areas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

 . . . . . . 21

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

LIST OF TABLES AND FIGURES

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

 . . . . . . . . . . . . . . . . . . . . 8

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

 . . . . . . . . . . . . . . . . . 7

 . . . . . . . . . . . . . 14

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19



1A Introduction 1

crises, health emergencies, social conflicts, war 

disasters killed over 11,000 people and affected more 

can derail and even set back progress towards 

played a vital role in empowering and giving voice to 

assessing and monitoring health and environmental 

increases the ability of economies to adapt to shocks 

A. INTRODUCTION 

Table 1 Global impact of hazards, selected indicators

Type of hazard Impact 2017

Annual 

average 

(2008–2017)

Air pollution-related 
disease

Death 7 000 000c ..

Non-communicable 
disease

c ..

accident

d ..

c ..

Natural disastera

Industrial accidentb

Natural disaster Affected 
(injured, 
homeless

Industrial accident or requiring 
assistance)

Natural disaster Displaced

(number of 
people)

7 000 000

Natural disaster Economic 
costs

e

Industrial accident (millions 
of United 
States 
dollars)

e

Source: 

Notes: 
a  

infestation, animal accident and impact of asteroids, meteoroids 
and comets.

b  

c 
d Estimates for 2013.
e 
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sustainable development

analytical framework for the United Nations system to 

development.

to prevent, resist, absorb, adapt, respond and recover 

wide range of risks, while maintaining an acceptable 

The framework is based on systems thinking to identify 

recognizes that it is critical both to make progress to 

address potential threats that can set back that progress. 

Sources: 

knowledge and on new approaches to engaging the 

and new approaches to innovation that are enabled 

considerations for policymakers and other relevant 

stakeholders.
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diseases, to advances in weather prediction models 

that increase the reliability of early warning systems. 

1. THE SCIENCE OF RESILIENT COMMUNITIES

related to resilience to disasters and twice as many 

the topic has increased, as seen by the growth in 

resilience, the areas of knowledge engaged in most of 

this research are the social sciences, environmental 

science, engineering, earth and planetary sciences 

An analysis of the topics covered in the abstracts of 

B. SCIENCE: UNDERSTANDING RESILIENT COMMUNITIES 
AND ENGAGING PARTICIPATION

Social
sciences 27 

Environmental
science 18 

Engineering 11

Earth and
planetary
sciences 10  

Medicine 10

Business,
management and
accounting 4   

Psychology 3

Agricultural and 
biological sciences 3 Other 14

Subject areas (percentage)

0

50

100

150

200

250

300

350

1996 2001 2006 2011 2016

Number of publications

Source: 
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to combine the two into hybrid approaches for 

et al.

assesses impacts and adaptation strategies for climate 

cooperation. A large share of the relevant research has 

shows that most collaborations have been among 

research in priority areas that are relevant to these 

engineering and environmental science. This approach 

become a challenge.

2. HARNESSING TRADITIONAL, LOCAL AND 
INDIGENOUS KNOWLEDGE

1 

while also promoting the engagement of women and 

et al.

et al.

patents database, the traditional knowledge digital 

2

3 

changing ice conditions.

1 

2 

3 
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knowledge to control vector-borne diseases

in the development of a potent commercial insecticide 

Addis Ababa University to control schistosomiasis or 

Source: 
Uganda.

3. CITIZEN SCIENCE FOR BUILDING 
RESILIENT COMMUNITIES

 Citizen science 

and stakeholders that might otherwise be bypassed by 

more traditional processes of knowledge generation. 

 This approach is not restricted to 

Box 3 Examples of citizen science projects

science application designed for the collection and 
reporting of weather and climate impacts on farm 

its citizen science network. These maps enable 

and climate conditions and identify emerging risks to 

gorillas, chimpanzees and antelopes. Trackers can 

and analyse when ice forms and thaws on bodies 
of water. They provide critical data to cover gaps 

allows people of all ages to participate in discovering 

identify ecological changes that may be affecting the 
environment.

effort with federal, state and local partners to improve 

involvement, and prediction models of ecological risks 
of disease emergence. The system provides a fast 

integrated with georeferenced government platforms.

to respond in an informed and targeted manner. An 

cover types.
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Source: 

a. Types of citizen science

Citizen science may involve data collection, 

interpretation, analysis and the dissemination 

stakeholder engagement by the active involvement 

as improved living standards, the provision of and 

et al.

citizen science has often been often applied to 

time observation and mitigation,

the role of local stakeholders is strictly limited to 

hydrological monitoring

to overcome data scarcity. The methodology involved the 

13 citizens were active observers, providing more than 

Source: 

9

needs and concerns of a range of local stakeholders 

participation types

interaction between domestic cats and wild birds by 

backyards.

9 

4
Extreme

• Collaborative 
science; problem 

collection, analysis

Long-term regional 
resilience building 
planning; many 
varied stakeholders

3
Participatory 
science

• Participation in 

and data collection

Work with local 
farmers to develop 
smart irrigation 
practices

2
Distributed 
intelligence

• Citizens as basic 
interpreters

Floodwater 
estimation using 
telephone cameras 
and applications

1
Crowdsourcing

• Citizens as 
sensors

Basic measurement 
of river level, ground 
shaking, land-use 
change

Source: 
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The third type is an active team approach, or collaborative 

design of the research.

Source: 
Canada.

10

improves citizen participation.11

12

in a comprehensible manner, which serves as an 

feedback aspect of citizen science has been lightly 

13

information provision and citizen feedback are integral 

participation rates of participants, as well as levels of 

b. Use of technology in citizen science

10 

11 

12 

13 

widely available and easy to connect to smartphones, 

is lacking, yet the provision of mobile telephones is 

et al.

and data processing and analysis, are opening new 

et al., 

interactive and dynamic approach to research design, 

knowledge generation and information provision at the 

Figure 3 Use of citizen science and new technologies to 

Source: 

then calibrated by the records of citizens and validated 

Decision-
making

Citizen science

D
a
ta

-p
o
o
r 

d
e
ve

lo
p

in
g
 c

o
u
n
tr

ie
s

C
ro

w
d

so
u
rc

in
g

Calibration

Model Dense data

Validation

New technologies

S
itu

a
tio

n
a
l a

n
a
lyse

s

C
o
m

m
u
n
ity e

n
g
a
g
e
m

e
n
t

Resilience-
building 

objectives

Design/ 
evaluation 
data (run)

Monitoring 
network

Limited 
data (run)
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Technology and innovations Location(s) Objectives
Citizen scientist 

engagement

Novel sensors to measure rainfall, river level, 

bespoke modelling approaches

Lake Tana (Ethiopia), 
Mustang (Nepal), Andes 
(Peru)

Impact of changing land use 
and increasing population

Hydrological monitoring

New sensor networks installed at the 
community level

Central Nepal Rainfall and landslide risk 
reduction

Rainfall monitoring and 
geological mapping

Citizen-led drone mapping and design Malaysia, Hawaii (United 
States)

Disaster response (volcano) 
and impact of land-use 
change

Drone image submission and 
mapmaking

New integrated Mapster smartphone 
application

Myanmar, Champaign 
(United States; testing)

Emergency management and Social media and access to 

Flood hazard mapping through Open Street 
Map

Nepal Community empowerment 
through natural hazard 
planning

River level measurements, Open 
Street Map design and risk 
mapping exercises

Creek Watch smartphone application and 
website

Northern Mexico Simple observations of water 

stamped photographs

Integration of indigenous knowledge into 
numerical sea-level models

South Caribbean Improving coastal climate 
resilience (sea-level change)

Semi-structured interviews and 
hazard mapping

New crowdsourced data sets and 
information management platform

Argentina, France, New 
Zealand estimation

Citizen seismologists: Cloud-based 
computing tool and website for online 
learning

Malaysia, Viet Nam, 
Taiwan Province of 
China 

Improving knowledge of and 
resilience to earthquakes

Damage reports and 
photographs, seismograph 
analysis, shaking reports (using 
smartphone accelerometers)

Remotely sensed data and volunteered 
geographic information

Brazil, Oxford (United 
Kingdom)

Flood probability mapping Geotagged photographs from 
social media

Combination of wireless sensor network and 
citizen observatories

Sao Carlos (Brazil)
management

Observational river monitoring

Sensors, empowerment and accountability 
mobile application

United Republic of 
Tanzania

Monitoring rural water points Monitoring functionality status of 
rural water points

Sources: 

to inform policymaking and as a means of engaging 

the newest forms of innovative hardware directly into 

et al.
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C. TECHNOLOGY FOR BUILDING THE RESILIENCE OF 
COMMUNITIES

level.

characteristics of these technologies that make them 

resilience.

1. BUILDING SOCIAL RESILIENCE 

a. Reducing vulnerabilities and building capacities to cope

i. Health

is potentialized by the lack of or poor access to health 

telemedicine or electronic health, allowing physicians 

to access, monitor and diagnose patients remotely.

and eating disorders.  Telemedicine has also been 

with patients with chronic diseases and to empower 

management of diseases. Telemedicine can potentially 

kidney disease and diabetes care.

19

thereby increasing resilience.

Telemedicine may be an important tool in bridging the 

20

21

22 

and biodiversity conservation.23

solution into a national initiative to bridge the 
health gap in remote areas

in the health ecosystem in Egypt, yet some challenges 

Source: 

19 

20 

et al., 2011.
21 

22 

23 
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link between clinicians and devices monitoring patients.  

technologies and medical technologies have facilitated 

compression standards.

over mobile networks.

all societal segments has also increased the reach of 

videos and messages between local health workers 

health in rural communities along the Amazon

health information on pregnant women to a medical boat 

allows prenatal visits to be prepared and for pregnant 

information to an online server to which the medical 

agents and health promoters for training.

Source: 

al., 2011.

2013.

 Patients 

health workers.29

et al.

administration as it can bring simplicity and scalability 
30

by facilitating the delivery of vaccines in challenging 

conditions of poor access to electricity.31

the development of vaccines and strategies to control 

resilience.32

ii. Education and knowledge 

development of electronic learning and facilitate access to 

relevant and timely knowledge and information, improving 

29 

30 

2019.
31 

32 
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disseminated via social media, to showcase the ways 

available to residents to increase awareness regarding 

et al.

resilience in the face of disasters by working together 

33

et al.

capacity-building in disaster prevention

on disaster prevention in their environment. The data 

research in crisis prevention, thereby developing new 

Source: 

b. Assessing, monitoring and managing risk

of democratizing science, as ad hoc sensors can be 

33 

hoc hazard mitigation websites.  The combination of in 

 

et al.

satellites may soon be affordable in more developing 

for rapid mapping in the event of an emergency, for 

et al.
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for Change initiative that offers a range of participatory 

Emergencies and Disasters system

effective health emergency response, to detect trends 
in diseases and the provision of health services. An 
effective information system needs to be matched with a 

reports on more than 20 disease syndromes and health 

is sent to a central database that can be immediately 

common health conditions in an emergency. 

Source: 

c. Responding to emergencies

technology offers new possibilities for passing on 

et al.

interviews and an interactive voice response system.

A relatively new phenomenon in disaster management 

they are most familiar with to both seek and share 

local agencies in emergency management to involve 

et al.

creates shared awareness and commits citizens in 

New developments in data analytics and big data can 

which allows for the monitoring of health emergencies 

Congo and cholera in Zimbabwe.
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receive drone deliveries

medicine, food and mail from the nearest mainland town, 

and helicopter at other times. The service is designed to 

Source: 

2. BUILDING ECONOMIC RESILIENCE

a. 

shocks and changes in international interrelations that 

affect patterns of specialization and trade. Economic 

39

39 

many cases, are dependent on printing centre operators 

and aspirations for growth and the creation of new 

b. Access to energy and communications infrastructure 

leapfrogging into digital telephony and the same pattern 
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conventional and renewable energy technologies for 

c. 
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Source: 
Note: 

and catastrophe bonds, to better protect livelihoods 

are not available, satellite data is the only reliable 

estimations of precipitation or vegetation greenness 
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warning based on the relationships between climate 

variability, vegetation coverage and crop yields at 

et al.

for increasing economic resilience among the poorest 
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of pilot initiatives.

3. BUILDING ENVIRONMENTAL RESILIENCE

a. Natural resources management

resilience, given that terrestrial and marine ecosystems 

provide, among others, food, water, medicine, energy, 

coastline protection and erosion prevention, climate 

on logging licences with data provided by geospatial 

et al.

monitoring, land law enforcement, land development 

information portals.

the threat of drinking water contaminated with arsenic, 

and maintenance of traditional monitoring networks 

et al.

b. Sustainable tourism

local participation in wildlife management and creates 

rangers feedback on wildlife movement, migration, 

mobile telephone technology as a tool for citizen science 
is a problem.

Source: 
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viral, participative, interactive, networked and versatile 

media and mobile connectivity can harness niche 

 These have potentially innovative 

4. CHARACTERISTICS OF TECHNOLOGICAL 
SOLUTIONS

replicable, and are becoming ever more accessible 

are mobile telephone technology and smartphones, 

assessment and monitoring to emergency responses 

and early warning systems.

is no need for formal training and most people with 

smartphone applications have been developed to 

et al.

telephones in emergency response, as they have 

systems or data analytics for emergency response, the 

increasing accessibility of data repositories and the 

deployment and the fact that no installation points 

et al.

to renewable energy technologies, international prices 

as investments in their development have increased. 

access and the emergence of new actors and forms 

of innovation.
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5. SKILLS REQUIRED TO USE, ADOPT, ADAPT 
AND MAINTAIN TECHNOLOGY

network hardware and software. The maintenance of 

other skills to assemble and combine technological 

devices, replace parts and components and adapt 
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D. INNOVATION: A MISSION-DRIVEN APPROACH TO 
RESILIENCE

state of innovation activity, the systems of innovation that 

characterize this innovation process and new approaches 

for innovation towards resilience that are enabled by 

digital technologies.

1. INNOVATION ACTIVITY FOCUSED ON 
BUILDING RESILIENT COMMUNITIES

a lack of interest or incentives to engage in invention with this 

only 12 listings that mention resilience as one of their 

and analytics platform.

Source: 
data and analytics platform.
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innovations is comprehensible considering that resilience 

research programmes at the national or international levels, 

innovation programmes range from national to international 

innovation prizes and advance market commitments.

2. INNOVATION SYSTEMS FOR BUILDING 
RESILIENT COMMUNITIES

the connections among them and the enabling 

environment for innovation that they create. These 

elements characterize systems of innovation.

national governments, civil society organizations, 

as follows:

• 

• 

• Civil society organizations are important intermediaries 

also play an important role in disseminating good 

practices and lessons learned in the design and 

• 

• 
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• 

 and 

knowledgeable about science

teachers, scientists and citizens from different parts of 

Source: 

and tools available to communities to enable 
resilience

Oceanic and Atmospheric Administration is dedicated 

ambassadors help the Administration design and deploy 

Source: 

3. INNOVATION APPROACHES FOR 
COMMUNITY RESILIENCE

been considered in traditional innovation policies.  This 

is why growing attention is being given to several new 

innovation driven by the private sector in a more 

et al.

for people living in poverty to engage in small trade to 
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for the development of local markets and innovation in 

movements and networks of academics, activists and 

et al.

and training, landslide monitoring, information analysis, 

and early warning mechanisms.

smartphones.

operate in civil society arenas, driven by social and 

environmental needs rather than competitiveness or 
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1. TECHNICAL CHALLENGES: DATA AND 
UNDERLYING ENABLING TECHNOLOGIES

et 

al.

citizen science data, once collected, have the potential 

et al.

at creating data standards and frameworks that facilitate 

et al., 

remains technologically demanding and in development 

et al.

data sets.

realm, remains limited.

Citizen science can overcome the challenges of 

high observation costs and limited spatial coverage 

E. KEY CHALLENGES
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to the reliability of information, matters of privacy and 

the need for operationally responsible data approaches, 

et al.

space and time.

government entities. This restriction, together with the 

 

 

services allow for the easy connection of sensors 

telephones, older smartphones may be prevalent in 

which may not interface with the latest applications. 

mobile telephone coverage for sensor data transmission 

et al.

initiatives to foster and promote the ecosystems of local 

2. SOCIAL CHALLENGES: KNOWLEDGE 
GENERATION AND USE

norms and biases and the interests of different actors 

et al.
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girls be given an active role in designing and developing 

strategic responses to climate change. The resilience 

in Nairobi targets the empowerment of women and 

engagement and provides important information on 
catchment management. The challenges faced by 

Source: 

knowledge is collected, e.g. national networks of 

for initiatives that combine informal sanctions and 

are not devised in a participatory way by all actors 

response agencies.

monitoring systems involving governmental and 

least as important as the design of citizen science data 

et al.

generated knowledge to be, and be perceived as, locally 

relevant and actionable. To this end, the feedback loops 

be clear and transparent at a variety of different levels, 

information.
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seek to harness the knowledge gained by practitioners 

making at the local level and the low demand for that 

the decentralization of responsibilities in managing 

and inaction.

tangible improvements. Confronted by these challenging 

rather than solely engineering or physical science 

 

3. MARKET CHALLENGES: SCALABILITY AND 
SUSTAINABILITY

not developed beyond the prototype phase. The main 

gap is the move to service delivery models, improving 

scale, rarely beyond the scale of small, isolated villages.  

collection, which remains high in areas of interest that 

of deployment and network models for the broader 

is the engagement and coordination of efforts across 

different governmental areas, sectors and markets 
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4. DEVELOPING RESILIENT SCIENCE, 
TECHNOLOGY AND INNOVATION 
SOLUTIONS

also be power efficient and increasingly leverage 

itself, which has an effect on the resilience of people 

a crisis.

networks affect how resilient they are against shocks. 

connected.

nodes that are more connected or central and have 

et al.

et al.

Organization have had interventions in place for more 

facilities and health workers are able to withstand 

Source: 
Organization.
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deployment approaches that are characteristic of this 

of academic and civil society organizations with the 

development, foreign direct investment and trade as 

 and 

and innovation strategy for resilience against 
disasters of natural origin

proposed a national research and development and 
innovation strategy for resilience against disasters of 

hazard disasters. The strategy is associated with the 

the development of five national knowledge and 

towards society based on the generated research and 
development and innovation.

Source: 
Chile.

providing services related to enabling technologies 

disasters, there is a need for policy to promote resilient 

system

developed a resilience disaster information system to 

and application technology, a disaster information 

and disaster response at the local level via regional 
cooperation application technology. The system will 

Source: 

to increase societal readiness to adapt to innovations 

foresight capacity for the early detection of potentially 

creating local services in information and 
communications technology

Source: 

F. SCIENCE, TECHNOLOGY AND INNOVATION POLICIES FOR 
BUILDING RESILIENT COMMUNITIES
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societies for disruptive innovation

technology road map has facilitated the process of 

information, policies that integrate considerations from 

Source: 
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Organization provides online information on tropical 

and fog.

Framework 

that a formal arrangement was needed to increase the 

assessment and the development of safe and effective 

pandemic potential.

G. INTERNATIONAL COLLABORATION

in a rapid, systematic and timely manner with a small 

in the mechanism. The mechanism helps increase 

Source: 
Organization.

Collaborative global research platforms advance the 



31G International collaboration

 

Collaborative platforms are also effective in engaging 

and international initiatives have been established to 

to promote and advance citizen science.

new technologies with the potential to increase the 

technology to build resilient communities

The initiative will establish energy partnerships between 

energy cooperatives, thereby promoting the rapid 

Source: 

disaster risk reduction and resilience-building

Source: 

 

At the regional level, regional commissions have promoted 

space and geographic information system for disaster 

management.

of regional cooperation, providing free, timely access to 

the development of national digital transformation strategies, 

ready new technologies to implement early warning and 

html.

tion.
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The focal point in the United Nations system for 

also acts as a broker, bringing together representatives 

from science and academia with other stakeholders, 

partnerships and coherence or alignment with other 

Climate Change which need to be linked with the 

actions of other stakeholders in the implementation 

of the science and technology road map to 
support the implementation of the Sendai 

 
2015–2030

1. Understanding disaster risk

evidence in a timely and accessible manner that 
responds to the knowledge needs of policymakers 
and practitioners.

disaster risk

and across all sectors at all levels

of policy options for investment and development 
planning

and information to strengthen preparedness, 

and locations.

Source: 
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H. POLICY CONSIDERATIONS

policies.

1. SCIENCE, TECHNOLOGY AND INNOVATION 
FOR BUILDING RESILIENT COMMUNITIES

resilience, as follows:

• 

• 

geospatial information and earth observation 

systems, to provide and share risk information at 

• 

fragmented and there is a need to promote and 

implement participatory research methods and 

• 

important to consider and validate traditional, local 

• 

• 

affordable access and overcoming geographical, 

• 

into consideration when considering strategies for 

• 

participation of the private sector in the innovation 

• 

technology sectors and policymakers, facilitating 

networking between them and creating and 

implementing a systematic framework in which 

to strengthening resilience governance and 

• 

strategies and mechanisms that create an enabling 
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deployment approaches that are characteristic of 

• 

accelerators, innovation labs and marketplaces, as 

• 

management and other relevant policies to make 

• 

available in the national science and technology 

resilience.

2. CITIZEN SCIENCE

methods for data storage, retrieval and processing. The 

• Embedding into science policies: Citizen science 

• 

promote the establishment of platforms for the 

coordination and compilation of data collected in 

• 

3. INTERNATIONAL COOPERATION

• 

• 

• 

• 

and international levels and by the international 

• 
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