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ii. ABSTRACT

The impact of global climate change has led to a rise in the frequency of natural
disasters in numerous countries resulting in substantial losses in terms of both human
lives and the global economy. The establishment of a robust disaster early-warning
mechanism is recommended that will empower communities to proactively engage in
disaster reduction and prevention measures before such calamities occur, thereby

effectively reducing losses.

The Common Alerting Protocol (CAP) is an internationally recognized digital
message format and protocol for all types of alarms and early warning notifications. It
was officially adopted by The Federal Emergency Management Agency (FEMA) in
2010 for its Integrated Public Alert and Warning System (IPAWS). It has also been
successfully implemented in Taiwan for many years. However, different countries
may employ other color-coded warning systems to indicate varying degrees of
disaster severity. This disparity in warning standards can cause public confusion
during emergencies, leading to increased costs in disaster management. This paper
proposes a framework that utilizes red and yellow warning lights for issuing alerts.
Adopting a standardized approach will mitigate confusion and enhance the efficiency

of disaster response and management.



This study proposes a framework that uses red and yellow warning mechanisms for
issuing alerts such as the disaster early warning for debris flows and large-scale
landslides established by the Soil and Water Conservation Bureau (SWCB). This
investigation will explore the feasibility of standardizing yellow and red warning

publishing rules.

iii. KEYWORDS

Yellow and red warning publishing rules
Disaster early-warning mechanism

Disaster reduction and prevention

iv. SECURITY CONSIDERATIONS

No security considerations have been made for this document.

v. SUBMITTING ORGANIZATIONS

The following organizations submitted this Document to the Open Geospatial
Consortium (OGC):

e Soil and Water Conservation Bureau, Taiwan

e GIS Research Center, Feng Chia University



vi.

SUBMITTERS

All questions regarding this submission should be directed to the editor or the

submitters:
Name Affiliation
Director/Senior Engineer
Hsiao-Yuan (Samuel) Yin International Cooperation Team (ICO Team),

Soil and Water Conservation Bureau, Taiwan

o ) ) Assistant Engineer
Yi-Chia (Vincent) Lin ) ) )
Soil and Water Conservation Bureau, Taiwan

Cheng-Yan Tsai GIS Research Center, Feng Chia University

) International Affairs Manager
Lok-Man (Lawrence) Chiu ) ) )
GIS Research Center, Feng Chia University

1. SCOPE

The scope of this study is to establish a systemic warning release principle. Through
the application of debris flow and large-scale landslide early-warning mechanisms,
the yellow and red warning release principle has been proposed. It can be applied to

early warnings for different disasters.
The following areas will be covered in this paper.

1. Release and removal of yellow and red warnings and associated

classifications.

2. Practical applications of yellow and red warnings.

2. NORMATIVE REFERENCES

The following normative documents contain provisions that contribute to this
document. For dated references, subsequent amendments to or revisions of any of
these publications do not apply. For undated references the latest edition of the

normative document referred to applies.




A. OGC, 08-094r1, OGC® SWE Common Data Model Encoding Standard 2.0
(2011)

B. OpenGIS, 09-001, OpenGIS® SWE Service Model Implementation Standard
2.0 (2011)

C. OGC, 18-088, SensorThings API Part 1: Sensing Version 1.1 (2020)
D. NOAA-USGS Debris-Flow Warning System Final Report (2005)

E. Hannah Ritchie, Pablo Rosado and Max Roser (2022) - "Natural Disasters".
Published online at OurWorldInData.org. Retrieved from:

'https://ourworldindata.org/natural-disasters' [Online Resource]

F. WMO, EARLY WARNINGS FOR ALL: Executive Action Plan 2023-2027
(2022)

G. Jan,C.D. ,Rainfall-Based WarningCriteria of Debris-Flow Occurrence(2003)

H. Federal Emergency Management Agency (FEMA)
https://www.fema.gov/emergency-managers/practitioners/integrated-public-

alert-warning-system/technology-developers/common-alerting-protocol

3. INTRODUCTION

3.1 Background of the study

Because of global climate change, natural disasters around the world have occurred
more frequently in recent years. Economic losses due to climate change have also
increased every year. According to the International Disaster Database (EM-DAT),
107 million people were affected by natural disasters in 2022, including 60,000
fatalities. Since the frequency and intensity of natural disasters increases every year,
the importance of disaster warning mechanisms has become paramount. Even so, the
World Meteorological Organization (WMO) reports that half of their 187 member
countries still do not employ Multi-Hazard Early Warning Systems (MHEWS). In
addition, most of the developing countries (SIDS) and low-developed countries (LDS)

do not have disaster early warning systems in place.



Countries that employ disaster warning systems often use different disaster warning
models for different disasters. For example, the European Forest Fire Information
System (EFFIS) categorizes wildfires into seven levels, as shown in Figure 1.
Meanwhile, the United States divides wildfire into three categories, as shown in
Figure 2. In Australia, fires warnings, including forest fires, were simplified from six
to four warning levels in 2022, as shown in Figure 3. Different disaster warning levels
in different countries may lead to public confusion. Therefore, to reduce losses and
casualties in disasters, the establishment of a global systemic alert release standard is
necessary. Local authorities can understand the situation more quickly when disasters

occur and react accordingly.
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Plan and prepare.

» Stay up to date and be ready to act if there is a fire.

Be ready to act.

» There’s a heightened risk. Be alert for fires in your area.

» Decide what you will do if a fire starts.

3 If a fire starts, your life and property may be at risk. The safest option is to avoid bush fire risk
areas.

Take action now to protect your life and property.

» These are dangerous fire conditions.

» Check your bush fire plan and ensure that your property is fire ready.

» If a fire starts, take immediate action. If you and your property are not prepared to the highest level,
go to a safer location well before the fire impacts.

» Reconsider travel through bush fire risk areas.

For your survival leave bush fire risk areas.

» These are the most dangerous conditions for a fire.

» Your life may depend on the decisions you make, even before there is a fire.
CATASTROPHIC » Stay safe by going to a safer location early in the moring or the night before.
» Homes cannot withstand fires in these conditions.

» You may not be able to leave, and help may not be available.

Figure 3. new national Australian Fire Danger Rating

System (https://www.rfs.nsw.gov.au/fire-information/fdr-and-tobans)

For debris flow hazards, the Indonesian Directorate General of Water Resources
(Direktorat Jenderal Sumber Daya Air) divides their alerts into two levels, yellow and
red (Figure 4). Thailand divides their alerts into three: green, yellow, and red (Figure
5). Norway divides their alerts into four: green, yellow, orange, and red, as shown in

Figure 6. Each country has different alert levels and associated response actions.

This study proposes the yellow and red alert model as it has been applied in the Soil
and Water Conservation Bureau’s existing early-warning mechanism for debris flows
and large-scale disasters. This paper will further evaluate the applicability of this
mechanism to other disasters using yellow and red warnings as unified disaster

standards.
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Jordskred Flom

Ekstrem situasjon som forekommer sveert sjelden, krever tett oppfglging og kan medfgre store skader

Sveert mange skredhendelser; flere kan fa store Omfattende oversvgmmelser, erosjonsskader og flomskader pa
konsekvenser bebyggelse og infrastruktur. Gjentaksintervallet er mer enn 50 ar.
Alvorlig situasjon som forekommer sjelden, krever beredskapsmessige forberedelser og kan medfgre
. alvorlige skader
Oransje g
Mange skredhendelser; noen kan fa store Omfattende oversvgmmelser, erosjonsskader og flomskader pa
konsekvenser utsatte steder. Gjentaksintervallet er mer enn 5 ar.
Utfordrende situasjon som krever oppfglging og kan medfgre skader lokalt
Gult Noen skredhendelser; enkelte store hendelser Lokale oversvgmmelser og/eller erosjonsskader pga. raskt gkende
kan forekomme vannfgring i bekker/smaelver, isgang, is i bekke-/elvelgp, tele etc.
Spesielt stor vannfgring/vannstand i forhold til hva som er normalt
for arstiden. Vannfgring tett oppunder oransje niva.
Generelt trygge forhold pa regionalt niva med unntakelse nar det foreligger et varsel om kraftige
Gront regnbyger som indikerer fare for overvann i tettbygde omrader, lokale oversvgmmelser, bekke- og
elvelgpsendringer, jord- og flomskred der regnbygene treffer. Andre type skred som steinskred,
steinsprang og kvikkleireskred inngar ikke i jordskredvarslingen

Figure 6. Norway Current Warning Levels mtpsswwwvarsomnon

3.2 Framework for publishing the principles of warning

For various types of disasters, the yellow and red warning system can be used to
assess disaster occurrences and conditions. To track natural disasters, appropriate on-
site monitoring instruments should be set up to collect environmental data in subject

areas. This data can serve as reference values to identify disaster conditions.

The warning reference value serves as the basis for the warning publishing principle.
According to the types of disasters, the disaster occurrence speed and response time
may be evaluated to establish various levels of warning classification, such as yellow
warning symbolizing high warning and red warning symbolizing immediate danger.
Based on the publishing principle of yellow and red warnings, corresponding

contingency actions and disaster prevention measures may be taken.

For the various levels of warning classification and contingency actions

recommended, relevant instructions are described in the following sections.

3.2.1 Yellow warning

When the warning reference value indicates a risk of disaster occurrence, a yellow
warning will be published to advise local inhabitants to pay heightened attention and
take corresponding disaster prevention measures according to various types of

disasters.



3.2.2 Red warning

When the data monitored by on-site monitoring instruments have reached the warning
reference value indicating the risk of immediate disaster, a red warning will be
published to force local inhabitants to take immediate disaster prevention measures

according to various types of disasters.

| SensorsThings API | Yellow(Medium) Advisory
I—' Publish predictive ™ contingency measures
danger warning info.
J’ Model Warning
Database Threshold
Server Hazard Warning

Red(Critical) | Mandatory
Publishimmediate  [*  contingency measures
danger warning info.

Figure 7. Framework of Hazard Mitigation

33 The application of the publishing principle of the yellow and red warning

SWCB established the disaster early-warning mechanism for debris flows in 2004 and
initially applied the publishing principle of the yellow and red warnings to the disaster
early-warning mechanism. Moreover, it established the disaster early-warning
mechanism for a large-scale landslide in 2021. To integrate various types of disasters,
the publishing principle of the yellow and red warning is applied to facilitate the
operation of disaster management. Below, the disaster early-warning mechanism for
debris flows and large-scale landslides will be specified separately to illustrate the

application method for the yellow and red warning principle.

3.3.1 Debris flows and disaster early-warning mechanism

It has been many years since SWCB established the disaster early-warning
mechanism for debris flows. With abundant experiences in disaster prevention, this
early-warning mechanism has published warning messages many times before
disasters occurred, successfully avoiding, or reducing, the losses caused by disasters.
This study will explain the application of the disaster early-warning mechanism for
debris flows in terms of the characteristics of debris flows, as well as the publishing of

yellow and red warnings.



SWCB investigates the potential for debris flows every year. As of January 2023,
1,731 potential debris flows, and their scope of influence, have been identified.
SWCB has taken rainfall as the reference basis of the warning reference value in these
areas and has set up the warning reference value and adjustment mechanism for debris
flows. Next, SWCB has drawn up levels of yellow warning and red warning to
establish various levels of the disaster early-warning mechanisms for debris flows.

The process is shown in Figure 7 and the warning levels are specified as follows.

Chyan-Deng Jan (2003) used the product of Effective Accumulated Rainfall (Rt) and
Rainfall Intensity (I) as the Rainfall Triggering Index (RTI) to establish an alert
analysis model for debris flows. This model can effectively identify the possibility of

debris flow occurrences and the trend over time, as shown in Figure 8.
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Figure 8. Jan,C.D., Rainfall-Based Warning Criteria of Debris-Flow
Occurrence (2003)

As the result, the Soil and Water Conservation Bureau calculated the Rainfall
Triggering Index RTI by using historical rainfall data. The threshold of debris flows
using accumulated rainfall can then be calculated. It can be used to generate different
levels of warning. Based on the evacuation and refuge operations for debris flow

disaster prevention regulations, the alert levels are listed in Figure 9.



3.3.2 Yellow warning

When the Central Weather Bureau publishes typhoon warnings or special reports of
heavy rain, the effective rainfall accumulated in each region will be estimated. When
this rainfall reaches the warning value of debris flows in this region, a yellow warning
will be published to advise local inhabitants to evacuate and take refuge as a safety

precaution.

3.3.3 Red warning

When the actual effective rainfall accumulated reaches the threshold value of debris
flows in this region, the warning level will be updated to be a red warning to force

local inhabitants to evacuate the area.

Real rainfall >Threshol

Predict rainfall >Threshold

gmulaté df‘“a| H
IR TR TR x| H H“ }
Sea typhoon Sea & land typhoon alarm

alarm Yellow Alerts Red Alerts
Rainfall forecast @ =
* Rainfall Threshold Value [ o). 0057 Zyaiguzifon Mandatory Evacuation
For Debris Flow Warning
Local government should Advise Local government should Force
the inhabitants to evacuate. the inhabitants to evacuate.

Figure 9. The flow chart of rainfall-based Debris Flow Warning Model

3.3.4 The removal of the warning

The removal or downgrading of the warning is based on the effective accumulated

rainfall. The assessment conditions are as follows.

A. Criteria for releasing the yellow alert: The 6-hour average rainfall is less than

4 mm.
B. Standard for red to yellow: The 6-hour average rainfall is less than 4 mm.

C. Criteria for releasing the red alert: the 12-hour average rainfall is less than 10

mm.



3.4  Large-scale landslide and disaster early-warning mechanism

In 2009 Taiwan was swept by Typhoon Morakot, causing a mountain landslide in
Kaohsiung which led to a debris flow hazard. To avoid the same incident from
happening again, relevant authorities began to investigate potential areas for large-

scale landslide potentials.

According to the “Action Plan for Prevention and Treatment of Large-scale Landslide
Disasters” completed by the National Science & Technology Center for Disaster
Reduction, a large-scale landslide is a deep landslide with a landslide area of more
than 10 hectares or an earthwork volume of 100,000 cubic meters or a landslide depth
of more than 10 meters. Potential areas with higher risks were prioritized to establish

the early-warning mechanism.

In view of the spatial location correlation between areas with the potential for large-
scale landslides and stream of debris flows, as well as the overlap of preservation
objects, SWCB divides areas with the potential for large-scale landslide into two
types under the comprehensive consideration of disaster management. The division

method and process are specified as shown in Figure 10.

A. Type I: Overlap with the preservation objects for potential streams of debris

flows.

B. Type II: No overlap with the preservation objects for potential streams of

debris flows.
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#8422

! (1) Ralnfall>rainfall thresholds
{ @) Surface Displacement

_____________
1(1) Rainfall prediction<rainfall !
Ithresholds 1 i
1(2) Surface Displacement !

! Yes :
: Yellow alerts
|

Red alerts

suggested for
the evacuation

Typhoons&
torrential rain

Observing

I'he first type

Weather forecasting

Typhoons&
torrential rain

Yellow alerts

I'he first type landslide(Rainfall:300-650mm)
*I'he source areas overlapped by debris flow and large scale

I'he emergency measures(releasing messages)

1.Local agencies issue warns for the public
landslide

I'he second type landslide(Rainfall:600-900mm)

*The source areas only for large scale landslide

2. Underprivileged Groups are suggested for

the evacuation

enforced
the evacuation

The
all-clear

L L

*Rainfall under rainfall thresholds

I'he second type
-
-
—
-

= Rainfall

J—

Red alerts

I'he emergency measures(releasing messages
and implements):
Local agencies enforce

Figure 10.The warning publishing process for large-scale landslide
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The downgrading or removal of this early-warning mechanism is based on the
evaluation of rainfall and data provided by on-site monitoring instruments. The

removing conditions are as follows.

A. When on-site monitoring instruments have no displacement or have slight
displacement during rainfall (less than the threshold value of displacement),

the warning will be removed and the on-site monitoring will be strengthened.

B. When on-site monitoring instruments have large displacements during rainfall
(greater than the threshold value of displacement), and the displacement rates
slow down, less than the displacement threshold value, the warning will be

removed.
C. The removal of warning mechanism is as follows.

a. Criteria for releasing the yellow alert: The 6-hour average rainfall is

less than 4 mm.

b. Standard for Red to yellow: The 6-hour average rainfall is less than 4

mm.

c. Criteria for releasing the red alert: if the 12-hour average rainfall is less
than 10 mm and the 24-hour rainfall does not reach 80 mm, then the

alert can be lifted.

3.5 Study of the Disaster warning release mechanisms

The SWCB currently applies historical monitoring data to analyze the disaster early-
warning mechanism according to the above-mentioned early-warning mechanism for
debris flows and large-scale landslides. As a result, it can draw up the disaster
warning reference value and then publish the warning in combination with the red and
yellow warning publishing rules according to the judgment in advance and actual

monitoring data.

However, since each disaster type has its own disaster-causing factor and
corresponding action, this study only discusses the warning release regulation in the
disaster early-warning mechanism. Through the real cases of debris flow and large-

scale landslides early-warning mechanism, the key functions of these two alerts,



yellow alert for advisory and red alert for mandatory can be more well understood.
Simpler alert levels make it easier for the public understand the situation and respond

accordingly.

Therefore, it is practical to set the appropriate warning thresholds in different disaster
early-warning systems according to the region’s geographical conditions. Disaster
early warning mechanisms can be based on the principles of yellow and red warnings.
This common practice helps the public to be effectively aware of the situation. It also
helps to promote the establishment of Multi-Hazard Early Warning Systems and

eventually will reduce casualties and economic losses caused by disasters.

Therefore, this study proposes the framework of a yellow and red warning
mechanism. It used the slope land disaster warning release as an example to
demonstrate the applicability of this mechanism to different disaster types. The Soil
and Water Conservation Bureau will enhance the participation in EDM and explore

the feasibility of standardizing disaster warning mechanisms.

3.6 Data structure

The yellow and red warning publishing rules of the disaster early-warning mechanism
for debris flows established by SWCB have been in operation for many years with
beneficial practical operation experiences. They have also been applied to the disaster
early-warning mechanism for large-scale landslides. Therefore, this study proposes to
standardize the yellow and red warning publishing rules and set up warning
publishing standards that can be applied to the early-warning mechanisms for various
disasters. This study suggests further study and the creation of a standard process for
disaster early-warning mechanisms with commonality as shown in Figure 11. The
data collection information includes monitoring data and image data of on-site sensors
and relevant early-warning information to be published through early-warning models

of various disasters.

Sensor /
data l -

. 7\ Warning Publish /
: Data (+ }—> > T = )
( Start j— collection &/ Model Warning info. End
— Imagery

o data

\'//

Figure 11 Standard Process of the Disaster Early-warning
Mechanism



Based on the practical treatment experience of debris flows and large-scale landslides,
this research studies and sets up the warning publishing mechanism and removing
mechanism applicable to various disasters. It describes sensor data and a structure
diagram of warning publishing and removal in a simple class diagram including
sensor data, imagery data, warning model, and publish warning info. The subordinate

correspondence among classes is shown in Figure 12.

<<struct>>
Sensor Data
+ID[1..1] .
+geopoints[1..1]
+DateTime[1..1] | -data collections

+Type[1..1]
+Value[0..1] _contains | 1
<<struct>>
<<struct>> Warning Model <<struct>>
Imagery Data +Geometry[L.1] ) Publish Warning Info.

+ID[1..1] +DisasterEvent[1..1] . [+Geometry[1.1]
+Boundary(1..1] +Time[1..1] -Warning info. L +Disasterkvent([1..1]
+Date[1..1] +Threshold[1..1] -Publish  [+Time[1..1]
+Spectral[1..1] +Value[1..1] +AlertLevel[1.1]
+Band1 +Actions[1..1]
+Band2 _
+Band3 1 | -contains
+Band4

[

-image analyze  *

Figure 12 Framework of Hazard Mitigation

4. RECOMMENDATIONS

Using the expertise of the Soil and Water Conservation Bureau (SWCB) in Taiwan
regarding the disaster early-warning systems for earth and rock flows and large-scale
landslides, this study introduces and demonstrates the easy-to-recognize rules for the
disaster early-warning mechanism. The primary objective is to assess the feasibility of
applying these rules to various types of disasters. Standardizing the yellow and red
warning rules within the disaster early-warning mechanism would enable the public to

easily recognize the current level of disaster emergency when different warnings are



issued. Consequently, this would facilitate prompt public response and aid in

minimizing casualties and property damage.

Common Alerting Protocol (CAP) has been successfully implemented in Taiwan and
many countries for a long time. However, different countries may employ diverse
color-coded warning systems to indicate varying degrees of disaster severity. This
study takes the slope disaster early-warning mechanism as an example and proposes

relevant suggestions as follows.

A. Itis suggested that the simpler the signal, the more direct the message to the
target public. Therefore, we propose avoiding numerical and textual
descriptions in the early warning mechanism. By adopting the concept of a
traffic light system, the use of yellow and red colors, along with corresponding
actions and standardized operating procedures, can greatly facilitate disaster

mitigation.

B. In the disaster early-warning mechanism for large-scale landslides proposed in
this study, the data monitored by on-site monitoring instruments still needs to
be comprehensively researched and analyzed before the warning can be
published or removed. It is suggested that relevant standards can be studied
and assessed among relevant DWG Groups in the future to improve the early-

warning mechanisms for large-scale landslides.

S. CONCLUSION

Based on the experience of SWCB in Taiwan on the disaster early-warning of earth
and rock flows and large-scale landslides, this study demonstrates the disaster early-
warning mechanism rules. It proposes the application feasibility of following these
rules in various disasters. In the future, if the yellow and red warning rules for the
disaster early-warning mechanisms can be standardized, the public can be prompted
to recognize the current disaster emergency level more easily according to the yellow
and red warning levels when various disaster warnings are published. This will help
the public take corresponding emergency actions promptly and reduce casualties and
property damage. It is also expected that this universal process can be discussed
through related DWG of OGC and the feasibility of standardization in the future can

be studied and assessed.



