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BRIEF HISTORY The Development of Indonesia Weather Modification

President Soeharto’s idea for
supporting agriculture sector >
best practice from Thailand

First rain making experiment >
1977 under the assistance of
Prof. Devakul from Royal
Rainmaking Thailand. Led by Ir.
Soebagio and supervised by
Prof. Dr. Ing. B.J. Habibie.

As an organization - Pertamina
(National Oil and Gas company)
- Advanced Technology Division
and still in the scale of
experimental project, known as
Rain Making Project.

+ 1978, Agency for the Assessment and
Application of Technology (BPPT) was
established and supervised The Rain Making
Project

* As the Rain Making Project made good
progress and results, in 1985 UPT Hujan
Buatan was formed as organization under
BPPT which responsible to implement
weather modification technology (WMT)
service and conducting research and
development for WMT.

* BRIN was formed as a merging
institution to combine several
national research and
development institutions,
including BPPT >
transformation to Laboratory
for Weather Modification
Technology as organization.

* During BPPT's era, WMT has experienced
rapid development for its implementation
and widely known in Indonesia as a
reliable technology for various relevant
purposes.

President Jokowi formed The
Weather Modification Deputy
under Meteorological,
Climatological, and
Geophysical Agency (BMKG)

The development for Indonesia
Weather Modification as global
player for implementing its
services and knowledge
sharing




.Vehicle and Seeding Material for WMT WEATHER MODIFICATION TECHNOLOGY SERVICE AREA |
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] WMT Main Purposes

e Rain Enhancement
¢ Rain Reduction
e Fire Suppresion

IWMT Utilization for Various Needs

¢ ReservoirFiling
Hydrometeorological Disaster
drought, floods, landslides),
Mining (reduced slippery time)
Securing State Events (G20, MotoGP, ASEAN Summit,
Asian Games, SEA Games, etc.)

« Security for the National Infrastructure Development Project

others

Mitigation  (forest fire,

' 4
Pacific =
Ocean S
B
DAS .
oo
, .
] Durangarg
3 A
0 :
e oo % § L5
ato Paniang A % & SULAWESI 5
RN & st o
DAS v '& 755 3 o \ \
Singknrak & Maminjw | ‘V) 2 4 % fast !
Yol 4 L B:pmn Sutomwesi @
P e asigiaatan Samarods} Q. 70 MALUKU
%8 a . y o T ey PAPUA,
& : < OAS Rism Karan Cwl M ing | Mamma (LSRR Subwes) o
- L Lampung Java Sea Sulaweni L=
- © P S
o e - Bands Sea &
28 DAS - &_W\wnau u intang oAS
< Feol A e - Bangavan Solo
- }r m:r
o JAWA 5 Yo
“oo LOAS Crln arum ,' 2 "';;y 6 0 :
- e . : wes: Nuss frondinnd
'\\ flm M( CI.w oy ":;5“ '.. g "
DAS snm »uu >
el Kedung Ombo Timor Sea N -g
- -~
e Bn™
Map Legend Service Area by its purpose
‘ Water Resources Forest Fire 0 250 500 750 1,000 1, 1,500 Km
S NesonBodndary, ) et Mitigation — T—
Provincial Boundary X Flood and Extreme Rainfall
y Irrigation and Anticipati
Agriculture nlicipation Supporting national and international events: P
i = & for” S
. Wational Strategic Rain Reduction for \-=\§ Y e & <& 5
Projects Mining Area R A Fotembang G20  ASEAN &
e S
100°00°E 105°00°E 110°00"E H500E 120°00"E 125°00°€ 130°00'E 135°00°E

Rain Reduction

—
=

f

10°00°N

Rain Enhancement

Supporting

Event

,.ﬂ‘@
xl""
"'I}‘

.5 |l,t’\ -

lfT &V

National/intemational

W

Peatland
rewemng

Forest Fire
Mitigation




Jumlah Kegiatan

TREND OF WEATHER MODIFICATION SERVICES IN INDONESIA

NUMBER OF WEATHER MODIFICATION SERVICES BASED ON ITS PURPOSES
(1979 - *SEPTEMBER 2024)
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1979-1990 1991-2000 2001-2010 2011- 2020 2021 - SEPT 2024
Reservoir Filling W Forest Fire Mltigation
B Flood Mltigation B Supporting National and International Event/Project
Oil and Gas Air Pollution Mitigation

Weather Modification Services User

M Private Sector/Company
M Government

W State-Owned Company

The increasingly developed Weather Modification services for various interests > WMT services are increasing

The number of activities in the period 2021 - September 2024 (<4 years) has exceeded the cumulative number of services in the previous decade

(2011-2020)

Utilization of WMT to support State Events (national and international) and National Strategic/Priority Projects is growing very rapidly ->

expansion of the weather modification ecosystem
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T WEATHER MODIFICATION AND ITS SUPPORT s
I FOR ACHIEVING SUSTAINABLE DEVELOPMENT GOALS N

The implementation of weather modification service has its potential in various sectors while also supporting the Sustainable
Development Goals (SDGs)

The Optimization of Mining Sector

By reducing rain in mining areas - lowering the number of

An average of 3000 hydrometeorological disasters have
loss time =2 increase production = efficiency in mining sector

been identified each year in 38 provinces in Indonesia T :
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Reducing The Carbon Emission : . . Agricultural
Weather modification operations on peatlands can be J Supporting water needs for_ agricultural sector and
directed to reduce carbon emissions and help the : B M KG : plantation
: : 8 ovouccronrs [ 12 consuenon
/AND PRODUCTION

government's target of reducing carbon emissions by 26%. .
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13 CLIMATE GOOD HEALTH

ACTION AND WELL-BEING

O | :
CEEERTEEEETLEEEPLEEEREE Supporting National Priority Projects

Supporting Water Resource Management Aesrmmarmnrnsnnnnnand Help government achieving their target for many priority
infrastructure projects from the impact of torrential rain or drought

Filling reservoirs - availability of clean water, energy
and food self-sufficiency - FEW Nexus p—
ECONOMIC GROWTH

CLEAN WATER
AND SANITATION
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ROLE OF BMKG AS REGULATOR AND OPERATOR
FOR WEATHER MODIFICATION IMPLEMENTATION IN INDONESIA  pumms

4 NUMBER OF DAYS OF WEATHER )
MODIFICATION SERVICE IN
INDONESIA
Effective this year, BMKG has — REGULATOR W Private Operator WBMKG
expanded its mandate to include
g b o .
— the comprehensive regulation,
‘ management, and =
— implementation of weather
d{ modification activities in
B K Indonesia. - OPERATOR
(Jan 1 = Oct 13, 2024) : There have been 369 days
of weather modification for various purposes, with
269 days (68%) of these being carried out by
\ private operators. /
Q As a regulator, it plays a vital role in forming a weather As an operator, BMKG is tasked with providing modification
modification service ecosystem in Indonesia, controlling services that have national interests, such as ®_©O
and providing assistance in the implementation of hydrometeorological disaster management, as well as in .-..
) ) weather modification carried out by private operators so supporting national strategic projects (development and securing
that it is in accordance with scientific principles and international events).
provides optimal results for users.
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N NOTABLE PROGRESS ON WEATHER MODIFICATION -
-] SECTOR IN INDONESIA I

GROUND-BASED 2-5 MICRON DRONE FOR CLOUD NIGHT CLOUD
GENERATOR SEEDING MATERIAL SEEDING SEEDING
* For high altitude (mountainous) * Production of 2 - 5 micron * Using fixed-wing drone * Applicable for rain reduction -2
area which is too risky for aviation hygroscopic seeding material * Carrying flare seeding material Areas with diurnal characteristics
* Using flare as seeding material * For better efficiency of the use for * Applicable for cloud seeding of rain that occurs more at night
* Tele-burning by remote cloud seeding material (cloud base) * First project in July-September
(automatization) * Lower operational cost 2024 for supporting the
* Effective for triggering orographic development project of new
clouds into rain for upstream Indonesian capital city in
watershed = reservoir filling Kalimantan (IKN)
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I SEVERAL LATEST SCIENTIFIC REPORTS AND PROOF I
I FOR CLOUD SEEDING IN INDONESIA T

E3S Web of Conferences 467, 03001 (2023)
9" ICCC 2023

Environmant and Ecology Resaarch 11(1): 102-113,2023 https://doi.org/10.1051/c3sconf202346703001

DOL 10.13189/eex.2023.110107

bttp://wrww brpub.ors Disaster Advances Vol. 16 (11) November (2023)
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Hygroscopic Ground-Based Generator Cloud Seeding Design; Weather Modification Technology as an Engineering
A Case Study from the 2020 Weather Modification in Larona Solution for Reducing Peat Fire Disasters

Basin Indonesia

Measuring the Results of Weather Modification

Technology for Forest Fire Mitigation in Indonesia
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Abstract: Cloud seeding activities have been carried out in the form of experiments and operation
activities as part of water resource management in some parts of the world. Recently, a new method
of cloud seeding using a ground-based generator (GBG) was introduced in Indonesia. This method is
used to seed orographic clouds with the aid of a 50 m GBG tower located in a mountainous area. By
taking advantage of the topography and local circulation, the GBG tower will introduce hygroscopic
seeding materials into orographic clouds to accelerate the collision and coalescence process within
the clouds, increasing the cloud's rainfall amount. The hygroscopic ground-based cloud seeding
was conducted over the Larona Basin in Sulawesi, Indonesia, from December 2019 to April 2020,
There were five towers installed around Larona Basin, located over 500 m above sea level The
results show that there was an increase in monthly rainfall amount from the GBG operation period
in January, February, and March compared to its long-term average of as much as 79%, 17%, and
46%, respectively. Meanwhile, despite an increase of 0.4% in Lake Towuti water level, it is still not
concluded that the GBG cloud sceding operation was involved in the lake water level raise. Therefore,
‘more studies need to be performed in the future to answer whether the cloud seeding afiected the
lake water level
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Abstract  The objectives of this research are to 1, Introduction

investigate the effectiveness of an application of weather

modification technology (WMT) in reducing peat fire Based on the ratification of the Paris Agreement, the
disasters; and to generate trends and correlations between ~United Nations Working Cmveuum 2016, concerning
ﬂm implementation of WMT with 3 varables, climate change. the ‘was obliged to

Keywords: cloud seeding; -based generator; hy flares; weather arona

Basin Indonesia; orographic clouds

“The implementation of weather
modification using ground-
based generator (GBG) in shows
that there was an increase in
monthly rainfall amount from
the GBG operation period in
January, February, and March
compared to its long-term
average of as much as 79%,
17%, and 46%, respectively.”

(Renggono et al., 2022)

of rates, reduction of hotspot implement a global agreement in reducing the common
cases, and reducing the size of bumt areas. A cloud seeding  problems of climate change. Indonesia has stated the
method was applied in the WMT processes by spraying targets for reducing carbon emissions and preenhouse
nltra.giant aocleie (10.50 micrans) nf Nall thromohont #ases by un to 29% in 2030 111 11

“During 4 years of the
observation period, the
implementation of WMT in this
research location was
considered effective in
improving the precipitation rates
as PCH = 1.33 >1. There was also
a trend that the higher the
precipitation rates were, the
lower the size of burnt areas
would be (R2 > 80%).”

(Sandhyavitri et al., 2023)

forest and land fire disaster mitigation in the
perspective of carbon emission reduction in

Indonesia

Budi Harsoyo'~", Rizaldi Boer”, Edvin Aldrian’, Lailan Syaufina’, M. Bayu Rizky Prayoga',

Muhamad Djazim Syaifullah!, 4ri Nugroho', and Chandra Fadlilah!
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Abstract. This paper reviews the effectiveness of implementing
Weather Modification Technology (WMT) i efforts to control forest and
land fire disasters in Indonesia. Analysis is camried out on several
parameters in the field that can be measured and observed. WMT has been
proven to be able to increase ramfall intensity by 12.9% and shorten the
duration of Consecutive No Rain Days, which in tum can reduce the
number of hotspot events in the target area. The implementation of WMT
during the rainy season transition period has also been proven to be able
to increase the peatland groundwater level, which ultimately shortens the
drought period in the target area. The WMT implementation program
which has become increasingly well-planned in the last 4 years (2020~
2023), has proven to be able to reduce the number of hotspot incidents.
the extent of forest and land fires, and the amount of carbon enussions m
Indonesia quite significantly. Based on updated data until September
2023, the number of hotspots. bumt area, and total carbon enmussions m
Indonesia were "only” 22%, 38.9%, and 5.3% respectively compared to
the numbers in 2019, which was both an El Nmo year.

“The number of hotspots, burnt
area, and total carbon emissions
in Indonesia were "only" 22%,
38.9%, and 5.3% respectively
compared to the numbers in
2019, which was both an El Nino
year, due to weather
modification implementation”

(Harsoyo et al., 2023)

Abstract

Weather Modification Technology (WMT) is one of
reliable solurion that is often wsed in forest fire
mitigation activity in Indonesia. Through the process
of physically engimeering clouds o rain and
rewstting peatlands, it is hoped to help suppress
hotspots and prevent fovest fires from spreadmg. In
this study, an analysis of forest fire mitigation
activities in the area of Sumatra Island, Indonesia,
shows that WMT can increase rainfall by up fo 30%
during its implementation period.

WMT activity is also able to assist in suppressing the
escalation of hotipots in the targeted areas. By
increasing ramfall, WMT also plays a role in
maintaining the wemess of peatlands, thus minimizing
the potential for fire expansion. This study also
explains that the role of the Indonesian Government in
implementing WMT for forest fire mitigation continues
to experience development

EKeywords: Disaster, forest fire, mitization, peat, weather
modification.

Tntradnetian

Peatland has both economic and ecological finctions and it
15 estimated that peat stores carbon reserves of up to 104.7
gigatons globally**. The peatland area in Sowtheast Asia is
a significant asset for global carbon stock. It was estimated
that with the extent of 247,778 km’, peatland area m
Southeast Asia stores about 68.5 zizatons of carben'”.
However, forest and land fives have led to a very significant
reduction in the amount of peatland m Southeast Asia
mcluding Indonesia

The leading cause that drives fires on peatlands in Indonesia
15 the land clearing factor for mdusmal plantation forest
use'™ . In several other studies, it was identified that in
addition to natural factors, bumans’ role mdividually and
collectively also plays a role in the incidence of forest fires
m Indonesia'™". However, the dry climatic conditions
cum:nbllte to the peat’s drying up to be hghly flammable
Fu the rapudly dmg fire has resulted in a

significantly l:ugE bumnt arez™. In many previous stdies
on forest fires in Indonesia, 1t was explained that clmate
dynamics such as regional drought due to the El-Nino
phenomenon for several penods (1997-1998, 2005, 2013-
2016 and 2019) was followed by the significant escalation
of peat fires m Indonesia as well The smoke and air
pollution resulted from those forest fires affect Indonesia
and several other countries in the Southeast Asia region, or

what 1= hetter  knoum an fanchamdare hase

“An analysis of forest fire
mitigation activities in the area
of Sumatra Island, Indonesia,
shows that weather modification
can increase rainfall by up to
30% during its implementation
period.”

(Prayoga et al., 2023)




BN (CHALLENGE AHEAD: IMPLEMENTING ARTIFICIAL INTELLIGENCE

T
T FOR WEATHER MODIFICATION OPERATION

On recent years, the artificial intelligent have been used in
several sectors, mainly for increasing the accuracy of
weather forecasting.

The question arise: How this “Al” can help to make our
WMT more efficient and effectively?

The prospect of Al for supporting weather modification operation:
- Better weather forecasting

Enhance decision-making on cloud seeding time and precision
Determination of target area

Automatization for weather modification
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FOOTAGES ON INDONESIA WEATHER MODIFICATION OPERATION

AIRBORNE CLOUD SEEDING - POWDER AIRBORNE CLOUD SEEDING - FLARE




ASEAN Weather Modification Workshop Series
-

2018
BPPT (INA) DRRAA (Thai)

2020

BMKG (INA)

DRRAA (Thai)
2019

The 2025 ASEAN Workshop on Weather Modification:
“ Weather Modification for Hydrometeorological Disaster Mitigations and Water Resources Management”
will serve as a platform for experts, researchers, and practitioners in the field of weather modification technology to share their

experiences, best practices, and the latest advancements, with a particular emphasis on the integration of Al.
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