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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedpre

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an expl
expressions
World Trad

.org/iso/for

bes of ISO documents should be noted. This document was drafted in accordance\wit

st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doe

the ISO/IEC Directives, Part 1. In particular,

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be’the subjg

ect of

s. ISO shall not be held responsible for identifying any or all such paténttights. Detafils of

ights identified during the development of the document will be in the)Introduction ar

h endorsement.

anation of the voluntary nature of standards, the ineaning of ISO specific terms
related to conformity assessment, as well as information about ISO’s adherence t
e Organization (WTO) principles in the Technical’Barriers to Trade (TBT) see wwj
bword.html.

This docum

Any feedbad
complete lis

ent was prepared by Technical Committee {SO/TC 292, Security and resilience.

k or questions on this document should\be directed to the user’s national standards bo
ting of these bodies can be found atiwww.iso.org/members.html.

1d /or

S not

and
b the
W.iso

dy. A

© ISO 2018 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=1d361d0747137bf89d3b920c91063095

IS0 22327:2018(E)

Introduction

Landslides are one of the most widespread and commonly occurring natural hazards. Landslides may
occur in different types of topographic and geologic settings. The occurrence of landslides may increase
significantly due to uncontrolled land use development and human interference into unstable slopes. In
many countries, landslides cause substantial socio-economical losses.

Landslide mitigation can be carried out both by structural and non-structural efforts. Structural
mitigation includes adjustment of slope geometry, slope reinforcement, and protection and improvement
of dralnage systems all ofwhlch requlre a hlgh cost. The alternatlve optlon of relocatlon is not practical
for reside isk reduction
can be achleved by non-structural mitigation through 1mpr0vement of the commumty S{preparedness
by implementing an early warning system.

The goal of the development of a community-based early warning system is to empower indjividuals and
communities who are vulnerable to hazards to act in sufficient time and in apprepriate walys to reduce
the possibility of injury, loss of life and damage to property and the environmént. The implementation
of a community-based early warning system is consistent with the Sendai Framework [for Disaster
Risk|Reduction of 2015-2030[14]. The fourth priority of the framework’emphasizes the improvement
of preparedness in order to respond effectively to a disaster, by implémenting an early warning system
and jmproving the dissemination of information about early warning of natural disasters at local,
natignal, regional and international levels.

According to UN-ISDRI15], a complete and effective early warning system consists of four finterrelated
key dlements:

a) risk knowledge;

b) Ilonitoring and warning service;
i

)
d) fesponse capability.

issemination and communication;

The jmplementation of a commuhity-based early warning system takes into account the correlation
between a strong bond and effective communication channels among all of these elements.

Dempgraphic, social, economic and cultural aspects are most often left out in the implementdtion of early
warring systems, compased to other technical aspects. Early warning system guidelines promote the
role pf the community-and social aspects in general. Efforts to train people to respond to the warnings
should be followed'up by experts/researchers and by decision-makers at local and national flevels.

By referring tothe four key elements of community-based early warning system, this doqument for a
landslide early’warning system promotes uniformity in the development and implementation of early
warningsystems and will improve the preparedness of the communities vulnerable to landslides.
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Security and resilience — Emergency management —
Guidelines for implementation of a community-based
landslide early warning system

1 Scope

This
impr
type

It is
cons

It reg

It tak

document gives guidelines for a landslide early warning system. It provides a defini
ove understanding, describes methods and procedures to be implemented, and gives
5 of activities.

applicable to communities vulnerable to landslides, without takingrsecondary
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ognizes population behaviour response planning as a key part of the-preparedness.

fes into account the approach of ISO 22315 and provides additienal specifications for I
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following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

2300, Security and resilience — Vocabulary.

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 22300 and the foll
nd IEC maintain terminological databases for use in standardization at the following g

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropediatavailable at http://www.electropedia.org/

5 movement
acementof materials such as soil, rock, mud, snow or a combination of matter down a
hfluence of gravity

ion, aims to
examples of

effects into

indslides.

heir content
applies. For
hts) applies.

bwing apply.

ddresses:

slope under

3.2

landslide
wide variety of processes that result in the downward and outward movement of slope-forming
materials including rock, soil, artificial fill or a combination of these

3.3

community vulnerability
characteristics and conditions of individuals, groups or infrastructures that put them at risk for the
destructive effects of a hazard

3.4

early warning
provision of information through local networks, allowing affected individuals to take action to avoid

orre
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community-based early warning system
method to communicate information to the public through established networks

Note 1 to entry: The warning system can consist of risk knowledge, monitoring and warning service,
dissemination and communication, and response capability to avoid, reduce risks and prepare responses against

disaster.

[SOURCE: ISO 22300:2018, 3.43, modified — “early” has been added to the term and Note 1 to entry has

been added.]

3.6

evacuation

organized, ghased and supervised removal of people from dangerous or potentially dangerous ardas to
places of safety

3.7

evacuationjcommand

series of orders to evacuate people

3.8

evacuation|drill

activity that practises a particular skill related to evacuation (3.7) and often involves repeating the
same thing $everal times

EXAMPLE A drill to practice safely evacuating a neighbourhood or.illage from a landslide (3.2)

[SOURCE: IS0 22300:2018, 3.74, modified — “related to evacuation” in the term has been added and the
example hag been changed.]

4 Landslide early warning system

4.1 Genefal

The commynity-based landslide early. warning system (LEWS) should comprise seven main|sub-
systems:

a) risk asspssment (4.2);

b) dissemination and commuhication of knowledge (4.3);

c) establishment of a disaster preparedness team (4.4);

d) development of'awevacuation route and map (4.5);

e) development of standard operating procedures (4.6);

f) monitoring, early warning and evacuation drill (4.7);

g) commitment of the local government and community on the operation and maintenance of the

whole system (4.8).

4.2 Risk assessment

The risk assessment should be based on ISO 31000 and should consist of technical (geomorphology,
geology and geotechnics), institutional and socioeconomic/cultural surveys of vulnerable communities.

ISO 31000 should be adapted to meet the specific requirements of the landslide context including risk
identification.

© ISO 2018 - All rights reserved
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A technical survey for risk identification should be conducted to understand the geological conditions
in vulnerable communities, to classify the types of landslide and range of hazard, to assess the potential
physical extent of landslide, to collect information regarding the indicators of ground movement, and to
determine landslide susceptibility and stable zones. These indicators may include cracks and subsidence,
appearance of water springs, fractures of structure and tilting poles and trees. These indicators can be
used to determine the placement of the landslide early warning system instruments. Information on
lithology types and distribution, slope forming material composition, geological structure types and
its orientation distribution, slope crack and slope inclination should also be included when identified
during the technical survey.

The purpose of an institutional survey is to understand whether there are established organizations
curr§ntly responsible for monitoring and mitigating nazards in the disaster-prone areas,
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cioeconomic or culture survey collects information on community demographi
lation, by age, education and financial situation, the number of households, vehieles aj
cultural considerations. It also provides information on the community’s knowledgd
slide hazards. This information provides insight into the community’s penception on I
andslide disaster risk reduction means (technology, population preparedness, etc.)
to improve the successful introduction of the early warning system‘and to gain an un
b community’s vulnerabilities and complexities.

1 Information on potential vulnerable inhabitants and infrastructure due to landslide is
mine the level of community vulnerability.

2 The community’s eagerness and motivation to actively'participate is relevant to design
ter risk reduction programmes that are suitable for the local social conditions.

1ing and education programmes should be coniducted in order to prepare and incy
eness.

3 The programmes can give knowledge-and increase people’s capacity to be able to decid|
done in order to prevent and protect themselves from landslides.

Dissemination and communication of knowledge

bmination and communication of knowledge provides the community with corn
inderstanding with respeet to potential for a landslide disaster. Methods and mat
mination and commumnication should be developed based on the preliminary data of
hssessments.

community should be provided with information on the types of landslide disaste
they occur, thefactors that control and trigger the event, and the structural and no
egies to mitigate the consequences, including an early warning system, warning levels

dissemination and communication of knowledge should use clear language, prd
madtion, identify the authoritative agency and provide multiple communication metho

the
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Effective dissemination provides for better understanding about landslides and how to minimize risks

once

the early warning systems are in place.

The dissemination of information may lead to the identification of key people with an interest in
participating in a disaster preparedness team.

4.4

Establishment of a disaster preparedness team

Disaster preparedness team members should be selected based on their knowledge and abilities in
landslide preparedness, prevention, mitigation and post-disaster management.

Annex A gives an example of a proposed community disaster preparedness team.
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The disaster preparedness team should have expertise, including knowledge of the area, data and
information management, early warning and mass evacuation systems, first aid, logistics and security.
The additional expertise required on the disaster preparedness team should be determined according
to the needs of the community.

The disaster preparedness team should conduct preparedness activities, including
a) determining landslide risk zones and evacuation routes,
b) leading, preparing and training the community, and

c) organizing the design-installation-operation-maintenance of the technical system.

NOTE Pgints a) to c) can lead to the appropriate reaction mentioned in the standard operating proe¢dure
(see 4.6).

4.5 Development of an evacuation map and routes

The evacuation map and routes should be developed as operational guidelines for the dispster
preparednes team and the community to leave the risk zone, following a predetermined route and to
gather in anjassembly point.

An evacuatjon map should be developed based on the identificationcof landslide risk zones| The
evacuation map should provide specific detail on secure locations to/beised as assembly point and the
evacuation foutes to be followed.

The landslide risk zones should be determined by members of;the disaster preparedness team, which
should then|be verified by the local authority or institution efficials or experts.

The evacuatiion map can include information on
a) high-rigk and low-risk (safe) zones,
b) residenges, including the estimation of theé-humber of residents in each,

c¢) commuhity facilities: school, place,of. worship, community health centre, offices, market and
landmayks,

d) streets and alleys,

e) locationls of early warningsystem installation point,
f) alertpofst,

g) assembly point(s];

h) evacuationroute(s), and

i) locatiorlofShelters

Annex B gives an example of the layout of the evacuation map and route.

Annex C gives an example of the evacuation map and route. However, the map maybe more simple,
depending on the needs of the community.

Annex D gives an example of symbols in the evacuation map and route.

4.6 Development of standard operating procedures

Standard operating procedures (SOPs) should contain the procedures and guidelines for the disaster
preparedness team, the individuals and the local authority responsible for responding to the alert
issued by the landslide early warning instrument.

4 © ISO 2018 - All rights reserved
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SOPs should be prepared based on the discussions and agreements of each division in the disaster
preparedness team under the direction of relevant stakeholders and the local authority to follow the
flow of warning information, delivery mechanism and evacuation commands.

EXAMPLE The SOP may contain alert levels, such as
— Level 1 (CAUTION: landslide possible),
— Level 2 (WARNING: landslide likely), and

Level 3 (EVACUATE: landslide occurrence imminent).

Thec SOP lavualc ooy mat sy 10 1] ~osa b n e
OOT TCVETS Tty 1Ot p Py i o Corateress

Anngx E gives an example of the scheme of a community-based LEWS.
Anngx F gives an example of the flow of warning information and evacuation commmand.

Anngx G gives an example of an evacuation SOP.

4.7 | Monitoring, early warning and evacuation drill

Early detection devices should be placed in areas that have the highest risk and the largest number
of pgople affected. Determination of the locations should be based on the identification |of landslide
risk zones.

Instqllation of the equipment should be coordinated with:the community, with the aim to |ncrease the
sens¢ of ownership and responsibility for the equipmeritis condition to guarantee safety.

The type of early detection and alert level shouldbe appropriate to the geological conditfons and the
scalq of landslide.

The monitoring devices installed to supportearly warning systems should include
a) Train gauges to measure the intensity of rainfall within a certain period, and

b) surface deformation meters to identify the deformation on the land surface in a ceiftain period.
The common devices used-are extensometer (monitoring the relative distance between two points
on the crack) and tiltmeter(the gauge for changes in the inclination of the land surface).

Additional tools can be dsed to improve measurement accuracy, such as

— underground(deformation meters to measure the deformation underground through the
ovement of/the sliding plane within a certain period of time (inclinometer, pipe sfrain gauge,
ulti-layer, movement meter),

— groundwater level meters to measure changes in groundwater level in the landslide zones,
ounted inside the borehole,

— pore water pressure sensors to measure changes in pore water pressure on the landslide mass,
installed in the borehole,

— soil moisture sensors to measure the changes of water level in the landslide mass, and

— survey stakes to monitor mass movement in a horizontal direction of motion (wooden, bamboo or
other stake materials).

This landslide monitoring and early warning system should be based on ISO 22322.

To implement a community-based landslide early warning system, the monitoring and early detection
devices should use appropriate technology.

© IS0 2018 - All rights reserved 5
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Once the risk assessment is conducted, the disaster preparedness team is formed, the evacuation map
and routes are determined, the evacuation SOP is available and the devices are installed, a drill should be
conducted. The drill should be based on a scenario in accordance with the SOP, to ensure the function of
the devices as well as the capacity of the community to be prepared. The objective of an evacuation drill
is to improve the capacity of the disaster preparedness team, the community and the local authority
to respond quickly and appropriately in the event of a potential landslide. The evacuation drill also
introduces the local community residents to their responsibilities in the event of an evacuation and
to familiarize residents with the alert signal (e.g. siren sounds, lights or other suitable alert channels)
made by the early warning detection devices.

The evacuation drill should be conducted at least once a year.

4.8 Comripitment of the local authority and community on the sustainability of the LEWS

The local aythority and community should demonstrate a strong commitment to the landslide parly
warning system, and sustain the operation and maintenance of the system. The responsibility for
ownership, finstallation, operation, maintenance and security of an early warning system should be
determined|and agreed upon by the local authority and community in each lpeation based on [local
conditions.

6 © ISO 2018 - All rights reserved
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Annex A
(informative)

Example of the proposed community disaster preparedness team

Local Authority: Chai
- Head of District ar Advisors
- Head of Village Lo-chair
Cooggg::r?;tfg;i?ta & Cc;ordlnator Coordinator Coordinator Coordinator
or mass ) . . .
L . rl for r
monitoring equipment evacuation for first aid fer logistics or sgeurity
Members Members Members Members Members

Figure A.1 — Example of the proposed-community disaster preparedness team
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Annex B
(informative)

Example of the layout of the evacuation map and route

B

N

Key

1

2

3  evacuati
4 legenda
5 name of

title of the evacuation map indicatingithe location of the LEWS implementation
logo of the local authorities or-other relevant stakeholders

bn map and routes

the heads ofithe families

Figure B.1 — Example of the layout of the evacuation map and route

hd important information (landmarks) including common signs easily recognizable by the commjunity

NOTE The evacuation map does not need to include the scale but only the north direction, which can be
placed in the legend. The north direction may not face up, depending on the local customs.

© ISO 2018 - All rights reserved
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Annex C
(informative)

Example of evacuation map and route

EVACUATION MAP AND ROUTE %

Pencil Hamlet, Karangtengah Village, Wanayasa Sub-District, Banjarnegara Distri?\/Q
Al

l/‘.

N

| 03T 140 210 280 |
J
LEGEND
(/7 High-risk zon
TEMPORARY {70 Low-riskzon
/ EVACUATION 7 Fracture

L
~ Mass movemgnt direction
==  Evacuation rdute

o Survey traverpe stakes
// No passing dufing evacuation
=~ = Footpath
Hamlet road {bike only)
Village road (far may pass)
Bridge (car mjy pass)

River

Riverflow dirgction
Residential hguses

Head of Hamlpt

Mosque

Church

mermec)o ¢ [ (] |

Health cente

. Elementary sfhool

Monitoring & Warning

O
\%lemtaliun
A.:

Devices:
v [ Extensometdr
HOUSEHOLD IN PENCIL HAMLET B Timeer
Q Neighbourhood 01 Neighbourhood 02 Y Rain Gauge
1. Kart % 19. Kartoyo 37. Purnomo 47. Kaswar 65. Supri 83. Nurkholik »
2.8 % 20. Pardiono 38. Maroji 48. Sucipto 66. Painem 84. Sarjono gfr';f‘a;:i/u light
3. r 21. Marsito 39. Suyanto 49. Budi 67. Badiyono 85. Rohmanto
%i usanto 22. Marso 40. Roliyah 50. Parsono 68. Partono 86. Sutono
rmanto 23. Marwito 41. Tuheri 51. Suparjoko 69. Jito 87. Edistyo IMPARTANT
B. Rartant Z4. Rasmanto ZZ.Sunarjo 02. Samsiin 70. EnT Clarawat B8. Mistar IMPORTANT CONTACTS
7. Sutomo 25. Martono 43. Mirjo 53. Marlani 71. Karmono 89. Harianto
8. Erwanto 26. Sumedi 44. Rustiyono 54. Tukirman 72. Sinem 90. Suratno
9. Ernawan 27. Yatno 45. Muhridi 55. Jaelani 73. Karsito 91. Samuji
10. Suwarjo 28. Karjo 46. Rismil 56. Winarso 74. Pujiono 92. Sumarwan
11. Jasno 29. Sumarno 57. Trisno 75. Samsianto 93. Harsono
12. Sopari 30. Noto 58. Juwanto 76. Jono 94. Edi Sami e. g Phone-Number
13. Anwari 31. Karyono 59. Sadiri 77. Samsuri 95. Tukiman
14. Tarso 32. Hartono 60. Tuwarno 78. Slamet 96. Kasno
15. Jianto 33. Suparno 61. Suwarno 79. Suyono 97. Suwignyo
16. Miswanto 34. Kasto 62. Ponidi 80. Rohman 98. Pujo
17. Sokari 35. Minasroh 63. Ari Irawan 81. Santama
18. Mulwanto 36. Wontil 64. Muslimah 82. Tarno

Figure C.1 — Example of evacuation map and route

NOTE This map is an example and is subject to be adjusted, simplified or improved.

© ISO 2018 - All rights reserved 9
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Annex D
(informative)

Example of symbols in the evacuation map and route

Legend
ol risk zon p—— Bri m Momitoring c-lﬂ(i WarTIing
High-risk zone — idge (car may pass) devices
Low-risk zone D= River B Extensometer
~— - Fragture Riverflow direction B Tiltmeter
Masfs movement . . .
~> direction Residential houses Y Rain gauge
» R .
. r siren
== Evaguation route Head of hamlet epeater sire
and/or light

// No passing during Church
evaquation

~ — Footpath Health center

~—— Hanplet road (bike only) Elementary school

—_—
>
o  Suryey traverse stakes i Mosque

— Villgge road
—— (car|may pass)

Figure D.1 — Example of symbols in the evacuation map and route

When setting up an evaeuation route, the appropriate symbols from ISO 7001 and ISO 7010 should
be used.

10 © ISO 2018 - All rights reserved
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Annex E
(informative)

Example of the scheme of a community-based LEWS

Information
I Communication Contindlous
b Local > .
l — y telemetry horiti - periodic
system authorities monitoying
Landslide Control
monitoring center —
devices in the field

alerth | Level 2: WARNING |s@)

Level 3: EVACUATE [#Q))

Figure E.1 — Example of the scheme 9f community-based LEWS
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