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Implementing Digital and Spatial
Technologies for Anticipatory Action in
the Mahakali Basin of Nepal
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SUMMARY

This document is based on the lessons learned from implementing Anticipatory Action through
Digital and Spatial Technologies for Anticipatory Action (DASTAA) & Adopting cutting-edge and
Frontier Technologies for Building Resilience through Anticipatory Action (ACT FIRST) projects
in Nepal. Our approach to anticipatory action was data and technology-driven, focusing on
household-level risk assessments and tailored, multichannel risk communication. To achieve
accurate household-level risk computation, the project team used DASTAA, an integrated platform
for risk assessment and early action planning. The activities, challenges, and lessons learned
from each project are systematically reviewed using the Early Warning for All Framework?, which
divides disaster risk reduction’s core principles into four critical evaluation pillars. The DASTAA
& ACT First projects? are carried out in 3 municipalities located within the Makahali river basin in
Far-West Nepal. This document aims to communicate and provide a structured analysis of the
implementation process and highlight challenges and lessons learned to guide and enhance future
anticipatory action initiatives in Nepal and beyond.

1 Early Warning For All framework
2 DASTAA project & Act First Project




DIGITAL AND SPATIAL TECHNOLOGIES
FOR ANTICIPATORY ACTION

An Integrated Modular, Data-Driven Platform for Enhanced
Anticipatory Action

DASTAAIs an integrated and modular digital platform for disaster preparedness, enabling household
and community-level risk assessments and early action planning, including risk communication,
relief distribution, and humanitarian cash transfers. DASTAA aims to shift the disaster management
paradigm from a response-based approach to a data-driven preparedness-based approach.
DASTAA enhances decision-making across all phases of the disaster management cycle by
bringing data, people, and technology together. The platform comprises both mobile and web
applications.

COMPONENTS OF DASTAA
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decision making.
for early warning messaging,
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CHAPTER 1:
ACT FIRST AND DASTAA PROJECT

The DASTAA tool has been implemented in three municipalities in
Nepal with the support of two projects: ACT FIRST and DASTAA.

ACT FIRST:
Adopting Cutting Edge and Frontier Technologies for Building
Resilience through Anticipatory Action

Implementation Locations: Bheemdatt Municipality Wards 9, 10, 11
and Dodhara Chandani Municipality Wards 6, 7, 8, 9, 10

Timeline: October 2023 - March 2025

Implementation Partners:

- Local Implementation Partner/Community Organization: Nepal
National Social Welfare Association (NNSWA)

- Research Partner: Institute of Himalayan Risk Reduction (IHRR)

- Telecommunication Partner: Viamo Nepal

- International Humanitarian Organization: DanChurchAid (DCA)
Nepal

Funding Program:
The GSMA Innovation Fund for Anticipatory Humanitarian Action
2022

DASTAA:
Digital and Spatial Technologies for Anticipatory Action

Implementation Locations:
Dodhara Chandani Municipality Wards 1, 3, and Parshuram
Municipality in Nepal

Timeline:
December 2023 - January 2025

Implementation Partners:
NGOs: Nepal National Social Welfare Association (NNSWA),
Nepal Flying Labs (Nepal), International Humanitarian

Organizations: DanChurchAid (DCA) Nepal

Funding Program:
Asian Disaster Preparedness Center (ADPC) iCARE Innovation
Fund 2023

Besides the project locations mentioned above, the respective
municipalities independently funded the implementation

of DASTAA in Wards 2, 4, and 5 of the Dodhara Chandani
Municipality and Wards 2, 8, 9, 10, and 11 of the Parshuram
Municipality. As a result, we were able to implement project
activities across the entire Dodhara Chandani Municipality and
Parshuram Municipality.
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CHAPTER 2:
PROJECT AREAS

The Mahakali River basin is
situated near the westernmost
border of Nepal. The Mahakali
River originates in the Api Himal
range of the Himalayas and
has an average discharge of
approximately 658 md/s at the
6KDUDGD %DUUDJH ,w ORZV D
250 km from its source before
crossing into India, passing
through Nepal's  Darchula,
Baitadi, Dadeldhura, and
Kanchanpur districts.

During the monsoon season,

intense and unpredictable

rainstorms cause water levels in

the Mahakali River to rise sharply,

SRVLQJ VHYHUH ORRG ULVNV
nearby settlements. Historically,

ULYHU RYHUORZV ZLWKLQ WKF
have ledto infrastructure damage,

community displacement, and

ORVV RI OLYHOLKRRGV ,Q VHYHUH ORRGLQJ VXEPHUJHG PRUH
at least eight lives? 2Q 2FWREHU RYHU KRXVHV QHDU WKH ORRGH
-RJEXGKD ULYHUV ZHUH LQXQGDWHG LQ ORRGZDWHU LQ WKH .DQFK
2600 people, loss of infrastructures®. More recently, a record-breaking cloudburst in 2024

triggered extreme rainfall (624 mm), displacing 300 families and evacuating approximately

891 households to safer locations®. These events underscore the persistent and severe

ORRG ULVNV FRPPXQLWLHV IDFH VXUURXQGLQJ WKH ODKDNDOL 5L
DASTAA could have within this area.

Both the Projects ACT FIRST and DASTAA were implemented in three municipalities:

Dodhara Chandani Municipality (1), Bheemdatt Municipality (2), and Parshuram Municipality

(3), all located in the Mahakali river basin in the Far Western region of Nepal. These areas

KDYH KLVWRULFDOO\ EHHQ KLJKO\ YXOQHUDEOH WR ORRGLQJ GXI
5LYHU DQG LWV WULEXWDULHV ORQVRRQ LQGXFHG ORRGV IUHTXHC
DJULFXOWXUDO ODQG DQG GDPDJH FULWLFDO LQIUDVWUXFWXUH
measures in many settlements further exposes homes, roads, and schools to seasonal
ORRGZDWHUYV

3 Mahakali flood in Nepal kills 8, submerges over 500 homes
4 Nepal - Floods and landslides Oct 2021
5 Floods displace 900 families in Kanchanpur



KEY IN KEY INFORMATION OF THE PROJECT AREA

DODHARA CHANDANI MUNICIPALITY

Project Locations: All 10 Wards (Ward 2, Ward 4, and Ward 5
FR OQDQFLQJ IURP WKH OXQLFLSDOLW\

BHEEMDATT MUNICIPALITY

[ Wards Project Area Bheemdatt (Act First) [5]
[ Municipality Nepal
[ World_Map

Project Locations:
Ward-9,10,11,12, &13

PARSHURAM MUNICIPALITY

[ Wards Project Area Parashuram Municipality (DASTAA) [12]
[ Municipality Nepal
[ World_Map

Project Locations: All 12 wards (Ward 2, Ward 8, Ward 9, Ward

DQG :DUG

Number of Households: 9,140
Total Area: 56.608 sq.km
Total No of Wards: 10
Population: 48,515

* Male: 24,456

* Female: 24,059

Major Hazards:
Earthquake, Flood, Human-Wildlife
&RQOLFW )LUH 3DQGHPLF

Source: Household Survey 2024 (Act
First & DASTAA project)

6,906
85.89 sg.km
19
35,555
* Male: 17,460
* Female: 18,095

Major Hazards:
Earthquake, Flood and
Inundation, Drought,
Windstorm, Coldwave, Fire

Source: Household Survey 2024 (project Act First)

Number of Households: 6757
Total Area: 414.07 sq.km
Total No of Wards: 12
Population: 39,565

* Male 20340

* Female 19225

Major Hazards:
Earthquake, Landslide, Flood,
Epidemic, Fire, coldwave

Source: Household Survey -2024
(DASTAA project)

FR OQDQFLQJ IURP WKH OXQLFLSDOLW\

:LQGVWRUP
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Background of the EWA4AIl Framework

The EW4AIl initiative was launched by the United Nations in 2022 to ensure that every
person on Earth is protected by early warning systems by 2027. This initiative stems
from recognizing that while early warning systems have effectively reduced disaster-
related fatalities and damages, nearly half of the world’s population still lacks access to
them. The United Nations Secretary-General called for global action to bridge this gap,
leading to the development of the EWA4AIl framework.

The framework builds on existing global and regional efforts to enhance disaster
preparedness, aligning with the Sendai Framework for Disaster Risk Reduction (2015-
2030), the Paris Agreement on climate action, and the Sustainable Development Goals
(SDGs). It promotes a multi-hazard approach to early warnings, ensuring that different

W\SHV Rl GLVDVWHUV VXFK DV ORRGV VWRUPV KHDW ZDYHV DQG

comprehensively.

The EWA4AIl framework is built on four key pillars, each led by global organizations such as

WKH 8QLWHG 1DWLRQV 2I0FH IRU 'LVDVWHU 5LVN 5GHGXFWLRQ 81'55

Organization (WMO), the International Telecommunication Union (ITU), and the
International Federation of Red Cross and Red Crescent Societies (IFRC), ensuring
an integrated and coordinated approach to early warning. The four key pillars focus on:

« Disaster Risk Knowledge: Understanding and assessing risks
through hazard mapping, vulnerability analysis, and historical
disaster data to inform effective early warning systems.

* Monitoring and Forecasting: Strengthening meteorological, hydrological, and
geological monitoring networks to predict and detect hazardous events in real-time.

e Communication and Dissemination: Ensuring that warnings reach all
stakeholders using reliable communication technologies, including
governments, emergency responders, and at-risk communities.

e Preparedness and Response: Enhancing community preparedness,
disaster response planning, and capacity-building to ensure
timely and effective action when warnings are issued.

We aim to assess our projects’ effectiveness, identify improvement areas, and contribute
to the global effort of making early warning systems accessible to all by adopting the
EWA4AIl framework.



CHAPTER 3: GLOBAL FRAMEWORK:
EARLY WARNING FOR ALL (EW4ALL)

To systematically review the projects, we have taken The Early
Warning for All (EWA4All) framework to analyze our work, what we
did, its impact, challenges, and lessons learned.

The Early Warning for All (EWA4AIl) framework, developed by the
United Nations, plays a crucial role in global disaster risk reduction
by emphasizing the importance of early warning systems in saving
lives and minimizing economic losses. Recognizing that developing
and vulnerable communities face disproportionate risks from natural
disasters, EWJ4AIl aims to strengthen their preparedness and
resilience.

11



Pillar 1: Disaster
Risk Knowledge

Risk Knowledge is the cornerstone of effective early

Pillar 2: Detection, observations,
monitoring, analysis, and
forecasting of hazards

ZDUQLQJ VIVWHPV +RZHYHU D VLJQLOF DJWursdagad geperiop gndyigggasting are essential

availability, accessibility, and integration of risk information
and assessments globally, especially in developing
countries such as Nepal. Pillar 1: Disaster Risk Knowledge
aims to enhance global risk understanding and integrate
risk information into inclusive, accessible, and effective
early warning systems. Under this pillar, our work directly
strengthened disaster risk knowledge through

various activities, resulting in valuable

outputs and lessons learned.

Disaster Risk
Knowledge

Background

for effective early warning and disaster preparedness.
Anticipatory action can be optimized to reduce disaster
risks by integrating hydro-meteorological data with real-
time monitoring and impact-based forecasts. However,
challenges such as forecasting uncertainties and limited
monitoring infrastructure highlight the need for continuous
improvements in data accuracy and decision-making
processes. Under Pillar 2: Hazard assessment,
we aim to strengthen the detection,
monitoring, and forecasting systems
to ensure early warnings
are timely, accurate, and
actionable. The project
team addressed these
challenges  through

a series of targeted
activities, resulting
in key outputs and

lessons learned.

Pillar 2: Detection,
observations, monitoring,
analysis, and forecasting of
hazards

Q\\—\—AR 2

of the EWA4AII

Framework

Pillar 4: Preparedness to
respond

Pillar 3:
Warning
dissemination
& communication

Early warning dissemination and communication

are essential to at-risk communities, enabling timely and
informed decisions. Under Pillar 3: Warning dissemination
and communication, the project team implemented a
series of activities focused on delivering early warnings
and early actions through multiple channels in a clear,
understandable, and actionable manner. These efforts
resulted in key outputs and lessons learned that contribute
to improved communication strategies.

Pillar 3: Warning
dissemination and
communication

Pillar 4:
Preparedness
to respond

Effective response preparedness is
crucial for minimizing disaster impacts
and ensuring timely assistance for affected
communities. Implementing proactive evacuation

PHDVXUHV DQG OQDQFLDO VXSSRUW PFh
local resilience and emergency response capabilities.

+RZHYHU FKDOOHQJHV VXFK DV LQDGH
and limited resources highlight areas for improvement in
future preparedness efforts. Under Pillar 4: Preparedness
to respond, we have implemented different activities
to increase the preparedness to respond, resulting in
different outputs contributing to key lessons.



PILLAR 1
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ACTIVITIES AND OUTPUTS

O $ FRPSUHKHQVLYH KRXVHKROG OHYHO VXUYH\ TXHVWLRQQDLUH ZDV GF
TXHVWLRQV DQG LQGLFDWRUV WR DVVHVV SK\VLFDO VRFLR HFRQRPLF
vulnerabilities within households.

e Atotal of 117 local youths were trained and mobilized for mobile-based digital data collection
using NAXA assessment, ensuring every household coverage within the municipalities.

] JORRG KD]DUG PDSV ZHUH GHYHORSHG XVLQJ WKH +(& 5$6 K\GURORJLFD(
risk assessment.

o ++ VXUYH\ GDWD ZHUH LQWHJUDWHG ZLWK ORRG PRGHOV ORFDOL]LQJ WKF
ULVN SUROOHV IRU KRXVHKROGY FDWHJRUL]JLQJ WKHP LQWR KLJK

* Household Level Disaster Risk Management Plans (HDRMPs) were made accessible to
respective households through the DASTAA app and printed copies, improving awareness of
vulnerabilities.

e &RPPXQLW\ VLPXODWLRQV DQG GULOOV ZHUH FRQGXFWHG LQFRUSRUDWL
to enhance understanding of risks, early warning systems, and anticipatory actions.

e /RFDO JRYHUQPHQW RIOFLDOV ZHUH VHQVLWL]HG DQG WUDLQHG RQ HIIHF
WR YLVXDOL]H FRORU FRGHG KRXVHKROG ULVN SUROOHV GLVVHPLQDW
DOORFDWH UHVRXUFHV HIOFLHQWO\

* $ WRWDO RI JRYHUQPHQW RIOFLDOV UHFHLYHG WUDLQLQJ RQ DQWL
disaster preparedness, strengthening local government disaster management capabilities.

e Community map boards were designed, printed, and installed to highlight risk areas, community
resources, and infrastructure, aiding local communities and authorities in addressing existing
risks.

CHALLENGES

o 7KH GHYHORSPHQW RI D VWDQGDUGL]HG KRXVHKROG VXUYH\ TXHVWLRQQI
GLYHUVLW\ LQ VRFLR HFRQRPLF FRQGLWLRQV DFURVV UHJLRQV QHFHVV
different communities.

* The process of household-level data collection was time-consuming due to challenging terrain
and limited transportation infrastructure in remote areas.

. 7KH DFFXUDF\ RI WKH GHULYHG ORRG PRGHO ZDV UHGXFHG E\ WKH OLPLYV
DQG PHWHRURORJLFDO GDWD WKH DEVHQFH RI KLVWRULFDO ORRG HYHQ
terrain data.

C %XLOGLQJ FRPPXQLW\ WUXVW LQ WKH ULVN DVVHVVPHQW OQGLQJV ZDV
VNHSWLFLVP WRZDUG VFLHQWLOF PHWKRGV WKDW DIIHFWHG KRXVHKROG

* Some households expressed skepticism about their assigned risk score and reported a higher
perceived risk to increase their chances of receiving government funding.

* The limited availability of internet access and mobile devices necessitated the printing and
GLVWULEXWLRQ RI ULVN SUROOHV WR HDFK KRXVHKROG OHDGLQJ WF
consumption.
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ACTIVITIES AND OUTPUTS

* A dedicated monitoring team was established to monitor water levels at three critical stations
along the Mahakali River (Mahakalit at Dattu, Mahakali at Parigaon, and Mahakali at Dodhara
Chandani - 4 Lane Bridge) under the leadership of municipalities and collaboration with the
ODKDNDOL %DVLQ )LHOG 2I0FH 'HSDUWPHQW RI +\GURORJ\ DQG OHWHRUF

o :LWK WKH FRRUGLQDWLRQ IURP '+0 ODKDNDOL %DVLQ )LHOG 2I10FH DQG 'RC
a Radar Level Sensor (RLS) was installed in the Four Lane Bridge of Mahakali River, i.e.
downstream of Sarada Barrage to receive real-time updates on the water level of Mahakali river
which is very crucial for the downstream communities like Kutiyakabhar.

* Besides, the real-time hydro-meteorological data, including weather, river monitoring, and
forecast, was integrated into the DASTAA system, allowing easy access to near real-time data
and enhancing situational awareness for households and local government to support timely
hazard detection.

* Under the technical support of DHM, coordination by Dodhara Chandani Municipality, and
facilitation by IHRR, the Impact Based Weather Forecast (IBF) program was launched in three
Palikas (Dodhara Chandani, Bheemdatta, and Parshuram)

¢ Impact-Based Forecasting Workshops were organized to train local government and community
PHPEHUV RQ WKH VLIJQLOFDQFH RI ,%)V FRPELQHG ZLWK NQRZOHGJH RQ
risk matrices in DASTAA to support informed decision-making.

e Atotal of 18 Impact-Based Forecasts (IBF) bulletins were issued to support anticipatory actions
across three municipalities, aimed to provide actionable forecasts based on predicted impacts
by collaborating with DHM.

* The proactive leadership at these municipalities was able to receive the hydro-meteorological
information on time. The developed Early Action Protocol, Task Force, and institutional structure
supported the municipality in accessing this information timely.

*  The project team supported Dodhara Chandani Municipality for the development of the Disaster
Preparedness and Response Plan (DPRP).

CHALLENGES

* The accurate forecasting of localized weather information was challenging due to the complex
topography, limited infrastructure, and the lack of ground station data in the Mahakali Basin.

® 7KH GHYHORSPHQW RI D SUHFLVH ORRG IRUHFDVWLQJ PRGHO ZDV FKDOO!
historical data on past impacts, and regional vulnerabilities further complicated the process.

* The effective monitoring, analysis, and informed decision-making were hindered by limited
human resources at the local government level.

* The 3-day forecast from DHM provides only a limited window for taking early action, leaving
minimum time to be ready for possible disaster events.

* The dominance of traditional post-event response practices hindered the adoption of proactive
approaches.

17
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PILLAR 3
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ACTIVITIES AND OUTPUTS

* We collaborated with local government stakeholders to draft and review 41 types of early
warning message templates before the monsoon season to ensure the timely activation of risk
communication in case of a forecasted hazard.

° 7KH SXEOLVKHG ,PSDFW %DVHG )RUHFDVWV ,%)V DQG VSHFLDO EXOOHYV
languages, incorporated with actionable insights, and shared with households via SMS, IVR,
and social media platforms like WhatsApp, Viber, and Facebook.

* Tailored early warning messages were sent to households with vulnerable groups, providing
clear response instructions based on forecasted risks.

* Interactive Voice Response (IVR) technology was used for the wider dissemination of the
severe weather forecast and Impact Based Weather Forecast Bulletin. The team carried out
multichannel risk communication using mobile-based SMS, IVR, Social Media community, and
community sirens.

* |Issued atotal of 127,667 IVR messages and 41,500 SMS alerts to at-risk households during the
monsoon season in response to forecasted hazards.

* Continuously shared hydrological and meteorological updates through social media platforms,
including Facebook and LinkediIn, to keep local communities informed.

o '"HYHORSHG D SXVK QRWLOFDWLRQ V\VWHP ZLWKLQ WKH '$67$$ PRELOH C
early warning personnel (e.g., DRR focal persons, Mayors, CDMCs) when water levels reached
critical thresholds.

* The project team evaluated and ensured the proper functioning of physical sirens, activating
them when evacuation triggers were met.

CHALLENGES

* The target of reaching all vulnerable households with risk communication via SMS/IVR was
hindered by the lack of phone access for approximately 1/7th of the households in the project
area.

* The warning messages were disseminated on time; however, poor network connectivity in
remote areas delayed their delivery, meaning not every household received the message on
time, and some did not receive it at all.

e Sending early warning messages to every household member was expensive, so alerts were
mainly sent to household heads, usually men, who were often away for work. As a result,
women, children, and the elderly at home lacked direct access to warnings, making them more
vulnerable during emergencies.

e Building and maintaining public trust in risk messages was challenging because discrepancies
between forecasts and actual conditions led to household skepticism. This loss of trust caused
people to ignore future warnings, making effective risk communication and dissemination more
GLIOFXOW

* The physical sirens had limited coverage in geographically dispersed areas, limiting their
effectiveness in reaching wider communities.

L /IRFDO ODQJXDJH GLIIHUHQFHV L H ODQJXDJH EDUULHUYV PDGH LW GLIOFX
with communities.
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ACTIVITIES AND OUTPUTS

* The project team had a pre-agreement with local Community Disaster Management Committees
(CDMCs). Hence, multipurpose Group Cash Transfers (GCTs) became easier while it was
needed to increase accountability on the use of cash as well as to strengthen local resilience.

O LQGLYLGXDOV HYDFXDWHG WR GHVLJQDWHG VDIH VKHOWHUY EHIRUH W
in Bheemdatt Municipality and 271 households in Dodhara Chandani Municipality.

e 3RVW GLVDVWHU OQDQFLDO DVVLVWDQFH UHDFKHG KRXVHKROGV LQF
¢ 555 in Dodhara Chandani Municipality

® 14 in Parshuram Municipality

e 315 in Bheemdatt Municipality

L 'LVDVWHU ULVN C)QDQFH ZDV GLVWULEXWHG WR VXSSRUW VKRUW WHUP U
resilience.

¢ Household Level Disaster Management Plans (HDRMPs) for 22,803 households were
generated and distributed.

CHALLENGES

¢ Accommodating displaced individuals was challenging due to the limited availability of
evacuation centers and safe spaces, which were often lacking essential facilities.

e &RPPXQLW\ UHOXFWDQFH DQG ODFN RI DZDUHQHVY PDGH LW GLIOFXOW
shelters on time during emergencies.

L 7KH VKRUWDJH RI FULWLFDO HTXLSPHQW VXFK DV ERDWV VLUHQV DQG O
efforts.

* The absence of clear Standard Operating Procedures (SOPs) regarding disaster response led
to inconsistencies in response coordination.

* Financial constraints restricted the scale and reach of anticipatory assistance.

* During the disaster, it was hard for people to follow and read the whole evacuation document.

23
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CHAPTER 4: CLOUDBURST EVENT
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TIMELINE OF ANTICIPATORY ACTIONS FOR THE CLOUDBURST



STEP 1: PRE-PREPARED EARLY WARNING AND EARLY ACTION MESSAGES
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STEP 5: POST-EVENT RELIEF AND RECOVERY

27



28



29



NAXA
Address: Do Cha Marg, Maharajgunj-3, Kathmandu, Nepal
7 83-Y,.——+SYeeS&»8_ \Q_S-e

*Qa3lY,3S&\¢,Sa»a_ \Q_S-
Phone no: 01 4516543

DANCHURCHAID IN NEPAL

Address: Bijayanagar, Sanepa, Lalitpur

T 83-Y,.——+SYeef97_ &S .z, .43 _\,'e
*Qa31y,54 3, & F

Phone no: +977 1 5455621

INSTITUTE OF HIMALAYAN RISK REDUCTION

NEPAL FLYING LABS

Address: Janamarg -04, Kathmandu Metropolitan city

T 83-Y,.——+SYeeU%3S'1& S _\,'eS -4l
*QA&a31Y,S «&lU%3S'14a ¢'Q&a31_\Q
Phone no: 9851216126

NEPAL NATIONAL SOCIAL  WELFARE
ASSOCIATION (NNSWA)

Address: Mahendranagar, Kanchanpurt, Nepal

7T 83-Y,.——+SYeeSSST4_\,' S-e
*Q&31Y,3S&\¢,SSST4_\,'_S-

Phone no: 977-99-522182

VIAMO NEPAL

, SSY, 1458-\-4,B4&4S S.,i4,'Z,].4QS3F. 1Z,a&l2ddrgsZ |klitpér Nepal

7 83-Y,.——+SYee3.,, \,' See
*Qas3ly,,3S&\¢3.,, \,' S
Phone no: +977 01 - 5448938

T 8$3-Y,.——+SYeepu38Q\_3\e
*Q&31Y,S *&l¢pu340Q\ 3\
Phone no: +977 9843030165



