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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types
of ISO documen A les of the
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws attention to the possibility that the implementation of this document may involve‘the[use of (a)
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of dany claimed patent
rights in fespect thereof. As of the date of publication of this document, ISO had not received ndtice of (a)
patent(s) which may be required to implement this document. However, implemefitefs are cautioned that
this may not represent the latest information, which may be obtained from the patent database ayailable at
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljstuch patent rightg.

Any trad¢ name used in this document is information given for the convenience of users and| does not
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and e
related tp conformity assessment, as well as information about ISO's adherence to the Wo
Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee ISQATC 292, Security and resilience, Subcommittee SC
1, Emergency management.

This second edition cancels and replaces the first-edition (ISO 22327:2018), which has been t¢chnically
revised.

The main|changes are as follows:

— this document has been aligned with the generic guidelines on EWS in ISO 22328-1, with the¢ addition
of sp¢cific information related/telandslides. This document has also been aligned with ISO 42322 and
ISO 2p315.

— somel|terms have been rémoved from Clause 3;

— the s¢ven main sub<§ystems of landslide EWS have been revised to five main sub-system. The "|Response
capalyility” has béemradded as one of the main systems, and the previous three main sub-sysfems from
the first editien‘thave been merged into the "response capability” sub-system: (1) establishiment of a
disasfer preparedness team; (2) development of an evacuation route and map; (3) develgpment of
standardroperating procedures.

— AnnekesZA-and B have been modified hy aﬂﬂihg 1SQO 7')':752-7“77’ Pigllrnc A4dandA R;

— Annexes C and D and the Bibliography have been updated.
Alist of all parts in the ISO 22328 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

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

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 drainage
systems, all of which involve a high cost. The alternative option of relocation is not practical for residents living
in areas prone to landshdes As a result, non- structural mltlgatlon can be effective in reducmg disaster risk
edne X2 e e (EWS).

This docgment complements the generic guidelines on EWS described in 1SO 22328-1[21{with specific
informatipn related to landslides. It is also complementary to the guidelines on public warnifgin ISP 22322[4]
as well as|the guidelines on planning mass evacuations in ISO 22315.[3]

© IS0 2024 - All rights reserved
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International Standard 1SO 22328-2:2024(en)

Security and resilience — Emergency management —

Part 2:
Guidelines for the implementation of a community-based
early warning system for landslides

1 Scope

This docufment gives guidelines for the implementation of a community-based disaster garly warnipg system
(EWS) fort landslides. It complements the generic guidelines in ISO 22328-1.12] It desc¢nibes the mefhods and
procedures, implementation methods and activities specifically related to landslides.

This docyment is applicable to communities vulnerable to landslides, withdut taking secondary/indirect
effects info consideration.

2 Normative references

The folloying documents are referred to in the text in such a way.that some or all of their content cpnstitutes
requiremgnts of this document. For dated references, only thetedition cited applies. For undated rgferences,
the latest|edition of the referenced document (including any‘@mendments) applies.

[SO 22300, Security and resilience — Vocabulary

3 Terms and definitions
For the pyrposes of this document, the teyms‘and definitions given in ISO 22300 and the following|apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses

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

— IEC E]ectropedia: available-at https://www.electropedia.org/

3.1
mass moyement
displacenjent of materials such as soil, rock, mud, snow or a combination of matter down a slope under the
influencelof grawity

3.2
landslid
wide variety of processes that result in the slow movement downward and outward of slope-forming
materials including rock, soil, artificial fill or a combination of these under the influence of gravity

4 Landslide early warning system

4.1 General

The community-based landslide EWS should be based on ISO 22328-1.12] It should involve community
participation in the landslide risk reduction plan based on their understanding of landslide hazard, exposure,
vulnerability and resilience.

© IS0 2024 - All rights reserved
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4.2 Risk assessment

4.2.1 General

In addition to the guidelines on risk assessment in ISO 22328-1:2020, 4.2,[2] the following actions should be taken.

The community disaster preparedness teams should conduct a risk identification to understand the
landslide hazard, exposure, vulnerability and resilience at a landslide-prone area. This includes identifying
knowledge for developing a landslide risk reduction plan that includes:

— the identification of the environmental condition in vulnerable communities to classify the types of
landslide according to References [7] to [9], and past, current and future ranges of landslide susceptibility

1] £l 4+ Fial ool L. o Jd+l i il L. H | ’'s £ afl dalid
aS W I dS5 LIIT lJULCllLlal 1% ISSCI 9, IIdZLZdI US dIlIu t1ic PULCIILIQI lJlly OICdI TALUTIU UT 1dITUSITULT S,

— anunderstanding of the indicators of ground movement (i.e. cracks and subsidence, appeatanc
sprin

— the pgist, current and future exposures and hazards as well as the vulnerability/and resilience
includling people, related to landslides;

— asset

— land fise and land reclamation relating to regulations by local government that have a significg
on the intensity of landslide damage;

— the pfioritization of investment in an EWS and evacuation infrastructure.

4.2.2

Proper understanding of the landslide susceptibility and hazard requires knowledge of the fa

U[\derstanding the landslide hazard

e of water

ps, fractures of structure and tilting poles and trees) to determine the past, curtent and future
spatiptemporal landslide pattern and, based on that information, to propose the placement of
EWS [nstruments and an evacuation shelter;

landslide

of assets,

5 enabling the affected community to move development away from the past, currentand pgtentially-
in-th¢-future affected landslide area and to restrict the establishmént of new assets on the p
prong area;

otentially

nt impact

Ctors that

initiate Igndslide occurrence (e.g. rainfall, earthquake, poor land management), landslide charafteristics,

and the likelihood and magnitude of landslide occurrence.

A landslid

— actively involve publicparticipation in its development;
— addrgss local knowledge;

— folloy guidance from landslide experts (see Annex D).

4.2.3

e susceptibility and hazardunap should be developed and updated by a community-preparedness
team to identify the geographical.and geological areas susceptible to landslide occurrence. This m
developed into an evacuation plan-(see examples in Annexes A and B). The landslide susceptibility
map shoulld:

ap is then
or hazard

Understanding the landslide vulnerability

A vulnerability and resilience assessment analyses the exposed assets, conditions and capacities the
community at risk has to deal with related to the landslide susceptibility and hazard. It considers the
physical, economic, institutional, social and cultural dimensions of community vulnerability.

The landslides and potential consequences should be documented and mapped for people or communities
located in landslide-prone areas.

© IS0 2024 - All rights reserved
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4.2.4 Development of landslide risk reduction plan

The vulnerability and resilience assessment should be linked to the higher-level landslide risk reduction plan
(district, province, national), integrated with the results of the risk assessment, documented and accessible
to interested parties, and updated as required following regular review.

In addition to the guidelines on developing the general risk reduction plan given in ISO 22328-1,[3] the
landslide risk reduction plan should consider the landslide triggering and controlling factors, slope
inclination, movement mechanism, landslide-covered areas and elements at risk in landslide-prone areas.

4.3 Dissemination and communication of knowledge

Inaddltl =4 Tatrotanacoimmanicatio v y agegiv
4.3,[5] thelcommunity disaster preparedness team should take the following actions:

U 2 UL 1V v, C AV

28-1:2020,

a) develpp a public display of landslide information, which describes:
1) allandslide hazard map;
2) hiow to respond in the community;

3) imformation such as the landslide-prone area, historical data, cuprént information and|potential
iture changes;

-

4) the exposure of assets and their vulnerability and resilience towards landslides, an evacuption map
ajnd routes, shelters and assembly points;

5) allandslide response guide;
NOTE See the examples in Annexes A and B.

b) develpp and disseminate customized public education materials to meet local understandipg, which
descrjibes:

1) thelandslide susceptibility and hazard inrthe area;

2) understanding the landslide risk,tandslide early warning, the exposed assets and their vulnerability
ajnd resilience, and evacuation;

3) location-specific landslide tisks;
¢) condyct public education, campaigns and/or advocacy, for example:
1) apnual public outfeach and educational activities;
2) tional, stateand regional campaigns using social media;
3) cpmmunitylandslide safety workshops, town hall meetings, or similar public meetings; and

4) or*to-door safety campaigns targeted at residents and businesses living or wprking in
cbmmunity’s the landslide hazard zone.

The public education materials described in b) should be distributed appropriately, e.g. to schools within the
community.

4.4 Monitoring and warning service

In addition to the guidelines on the monitoring and warning service given in 1SO 22328-1:2020, 4.4,[2] and
I1SO 22322,I4] the following actions should be taken.

© IS0 2024 - All rights reserved
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The monitoring system to support the landslide EWS should at least be able to:

— monitor triggers such as precipitation or earthquakes, to measure the trigger intensity within a

certain period;

measure surface movement including remote sensing information and surface deformation meters to

identify the deformation on the land surface in a certain period and region;

measure subsurface changes including the general structure of the mass, the variable parameters such
as soil moisture and pressure, and the water table to identify the changes of inherent patterns which

determine the slope stability in a certain period.

See Annex C for additional tools that can be used to improve the system accuracy.

Data frormh the monitoring system should be transferred to the community preparedness,té
processed to produce early warning messages in different formats.

The dissgmination and communication system for a landslide warning should be integrated bef
national duthority, the community preparedness teams and the community at risk.

The comrhunity preparedness team should have the capacity and capability toreceive landslidg
messages|from the local and national authority and to disseminate the message'to the community

4.5 Regponse capability

hm to be

ween the

warning
at risk.

In additign to the guidelines on response capability given in ISO 22328-1:2020, 4.5,[2] the followipg actions

should be|taken:

a)

b)

d)

assighing tasks to the community disaster preparednesgs team, including:

1) rgceiving warning information from the data monitoring control centre in the field;

2) disseminating information, guidance and warning to communities;

ovide a communication channel to disseminate the needs of sheltered people, but also
dated information on the current hazard and risk situation to the sheltered people;

develpping a landslide evacuation map and routes, which should:

1y
ologieal and geomorphological risk assessment;

o provide

based\on the available landslide susceptibility and hazard information, and also copsider the

2) ipvolve the community in the preparation phase to incorporate local knowledge ¢

pncerning

accessibility and difficulties to reach or to take a certain path.

developing a standard operating procedure (SOP) containing evacuation decisions related to the

landslide alert in accordance with ISO 22328-1,[5] which should:

1) explain the who, what and how of the landslide warning chain from the authority to the community;

2) announce the level of the landslide warning;

3) be confirmed by local governments as the official reference for all those involved in landslide early

warning.

Annex B gives an example of an evacuation map and route, including the symbols used.

© IS0 2024 - All rights reserved
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Annex C gives an example of a framework for disseminating warnings and evacuation commands for
landslide EWS.

Annex D gives an example of an evacuation SOP for each landslide alert level.

4.6 Commitment of the authority and the community at risk to the sustainability of the
landslide early warning system

In addition to the guidelines given in ISO 22328-1,[3] in order to maintain the sustainability of the landslide
EWS, as well as to support the disaster preparedness team, there should be a commitment between the
authority and the community.

For the s btaiua‘uility of EWStheauthor ity and-the commTunity shoutdconduct= ottt L,Uluplctc asgessment,
including|the historical data, the current situation and potential future development paths, \if] order to
evaluate the situation reliably and to improve a given or potential landslide risk which involveq all levels
(landownlers, community, local authority, national authority).

© IS0 2024 - All rights reserved
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Annex A
(informative)

Example of a public display of landslide evacuation plan sign

Figure A.1 shows an example of a public display of a landslide evacuation plan sign.

\
NOTE This public display is @&ample and can be adjusted or improved.

with ISO 2p578:2022, Fig 4.

Figu@kl — Example of a public display of a landslide evacuation plan sign
R
o,

SOURCE [ISO 22578:202‘$@e A.6,l8] with modification — the landscape has been changed and the sign replaced

© IS0 2024 - All rights reserved
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Annex B
(informative)

Example of an evacuation plan sign

Figure B.1 shows an example of an evacuation plan sign. It is not necessary for the evacuation map to include
the scale but only to indicate the north direction, which can be placed in the legend. The north direction
does not necessarily face up, depending on the local customs.

When sett

NOTE

SOURCE

N

ing up an evacuation route, the appropriate symbols from ISO 70012l and ISO 7010[2] show

Steep slope failure,

. . O
landslide evacuation plan | e
Pr cﬁl(shelter
ﬁ %ep slope failure, landslide hazard zone

Debris flow hazard zone

O\
Steep slope failure, landslide
.B Debris flow

Hospital
\ Y Post office
oy N '
S Je==f| Hotel
' >
£\ k\ A Special Sediment-related disaster
Junior High School N hazard zone
A 1IN '\ Sediment-related disaster
-ﬂ m Cal A hazard zone
—d )

Outside of Sediment-related disaster
hazard zone

=

This map is an exarqé)and can be adjusted or improved.

ISO 22578:202&ure A.4.16]
%Qv Figure B.1 — Example of an evacuation plan sign

o)

d be used.

© IS0 2024 - All rights reserved
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Annex C
(informative)

Example of a framework of landslide warning and evacuation command

Figure C.1 shows an example framework of how landslide warnings and evacuation commands are
disseminated in an EWS.

Monitoring devices: : - Coordination ampong
{Rain gauge I authorities
{Surface/underground | - Local government or
deformation I enterprise
{Groundwater level meter | - Police/army
{Pore water pressure | = - Red|€ross
sensor I 2 =‘Search and rescye and
1Soil moisture sensor, etc. I S rapid response teqgm
N | =
i | S ~ 5l
3 | 3 SeEs
E Pata monitoring: § % 22
= | {control centre in the field National/local
§ {severe weather warning | authority Disaster
N Via phone, media, preparedness t¢am
warning apps etc.
or public radio i
Disseminate the Alert level Warnjng
information to Level 1: GAUTION tiIrou yh
the public (Landslide possible) _ siren
|| Level 2: WARNING . Direct __jor light or
Warning (Landslide likely) warning otherlalert
Jevel 3: EVACUATE channels
(Landslide
Vulnerable people and occurrence imminent) Vulnerable peopl¢ and
individuals | individuals
[Get ready for evacuatjen) I (Evacuation: Yes/No)
I
I
|
Flow.of information (WARNING) Command System (EVACUATION
Figure-C:1 — Example of a framework of landslide warning and evacuation command
AdditionatToots can be USed To Improve the accuracy of the E WS, SUch as:

— underground deformation meters to measure the deformation underground through the movement of
the sliding plane within a certain period of time;

— groundwater level meters to measure changes in groundwater level in the landslide zones, mounted
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;

© IS0 2024 - All rights reserved
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— devices to monitor surface displacements, including terrestrial, aerial and/or satellite remote sensing
survey, as well as stakes to monitor mass movement in a horizontal and vertical direction of motion.

© IS0 2024 - All rights reserved
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Annex D
(informative)

Example of an evacuation standard operating procedure

Table D.1 shows an example of a standard operating procedure for each landslide alert level.

© IS0 2024 - All rights reserved
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