/" Badan Pengkajian dan Penerapan Teknolog

Research Activities on WxMod in Indonesia

Tri Handoko SETO

Director of National Laboratory for Weather Modification Technology
Agency for the Assessment and Application of Technology



FPUSAT UNEEUCEN IPTEH

Purposes

Rain Enhancement:

T T

AGENCY FOR THE ASSESSMENT
AND APLICATION OF TECHNOLOGY

Gedung Ir. Soebagio, Kluster IV Kompleks Geostech

SERVICE AREA
NATIONAL LABORATORY FOR WEATHER MODIFICATION TECHNOLOGY [ srteatsmee couey
INDONESIA Tangerang Selatan, 13314

 Hydropower
» Forest fire
* Drought

Rain Reduction: | =&

Slngka‘rak‘& Maninjau*!
Cnlch;v_l‘ent Area

v,‘kt £7
" CENTRAL
BORNEO.

* Flood disaster | = "\ & . e
« Open mining R

Cimanuk-Cisanggaraung Catchment/Area
Catchment Area Java Sea .

XV Batu Tegi & % H 5
* Infrastructure R N e, o
- : E Catchment Area

Badan Pengkajian dan Penerap

Map Legend
=== Nation Boundary Province Boundary
Service Area based on purpose

r r
D LVZ;ZQ’;;?I; koS Forest Fire Mitigation

Irrigation Flood Mitigation

125 250
| Em—— S—

QCENTRADAVA | i
=\ A

Citarum ) Sempor.
Catchment Area %, CatchmentArea

Catchment Area

i Wonogiri
Citanduy Catchment Area

EAST JAVA

Upstream Brantas
Catchment Area

102°00°E

108°00°E H00E

14200 #H7°00"E




Research Areas

Main research:

« Size distribution of seeding agent
Rocket

Ejectable tube
Ground-based
CCN observation
Evaluation

Supporting research:
« |[OP

* Flood EWS
« Peatfland water monitoring
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Seeding Agents

Salt powder, 40-50 micron
Hygroscopic flare, 0.1 — 3 micron
Agl flare

Now developing Salt powder,
micron

Badan Pengkajian dan Penerapan Teknologi



Cloud Seeding Material
Development

. To produce a salt-based cloud seeding material prototype
with particle sizes between 2-5 um (micrometer).

2. To manufacture a packing system for cloud seeding
materials.

B. Ingredients

N T T
1. Bulk-si1zed NaCl salts.
2. Cab-o0-si11 (a type of silicon oxide materials) as an

anti-coagulant additives to the salt.

C. Equipment & Facilities used to achieve
this purpose

Seeding Jet Mill & Packing oven with Tmax
Material Lab Grinding mMil1 Machine =




Cloud Seeding Material
Development

Methodology

Top-down Mechanical & Heating

approach:

Bulk Size Reduced-sized
Nacl Cfoss—bgather NaC1
Particle mill Grinding e 1

Ready to
Use ; ; y —
st Sealing & Packing <] Jet Mill Grinding <j

Heating at T > 100
deg. C with an Oven

v

v

Mixing of NaCl with
Cab-o-si1 Additives.
Cab-o0-si1 components
= 3% of NaCl




Packing System Development : ¢ ®

Methodology : |

Specs Determination, Design, Construction
& Integration:

Packing System 3D Design of Integration of
Specification Design Packing System Seeding Material
to Packing System

Ready to
Use
Material

Packing System
Effectivity
Evaluation







Seeding Material Laboratory

]

Jet Mill & Pressure Control

Box Compressor, Air Tank & Jet
Cross-Beather/Grinding Mill Filter

Mill



Seeding Material Laboratory

Basic Chemical Test & Electronic Analytical Balance

Automatic Packing Machine
Analysis Equipment



Current Status & Progress :

1. ca.90% of the lab’s analytical equipment have been received (e.g.
particle size analyzer, oven jet mill and cross-beather mill) while the
rest are still in purchasing stages (e.g. high-temperature furnace).

2. We have also received raw materials and almost all chemical
reagents needed for manufacturing & analytical works.

3. The labis now fully furnished and is ready to use.

4. We have conducted an ISO 17025 & Good Lab Practices training for
future lab management team & users alike.

5. The first business trip to our salt manufacturing centre had been
conducted.

6. We have begun calibrating our particle size analyzer device.

Future Plan : ' ‘[
e '

1. On-going scheduling of a cloud-seeding material manufacture
training with external/third party from abroad with known
expertise.



WMT Rocket Prototype

WMT Rocket Medium is an alternative medium in delivering seeding material into target clouds with the
aid of rocket as a booster materials.

The development of arocket medium is necessary for a much

6000 ft effective & efficient WMT applications, especially in WMT for
- ] —T < rainfall reductions. Rocket medium can be operated in any kinds
10000 ft “‘g,..,.%“% of locations, day or night and has all weather capabilities, hence
L&?‘““"’i'b increases the quality of rainfall WMT. Rocket medium can serve as
<N, Wl an alternative of plane WMT, hence if the merits of this technology
IS proven, it can be used/proposed as a new medium in WMT
operations.

ManufacturclofiScedingiVMatenialiforrRocketiVMeditimivialBlasting:Systeim

o

WIVIiTgR o cketiOperationdIfiaclectony

WMT Rocket Medium Prototype is a form
of research cooperation between NLWMT-
BPPT and LAPAN'’s Rocket Technology
Center. It is hoped by 2018 that a WMT
Rocket can be built and equipped with a
multi-launcher device.
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+ ECO0SAP is designed to be used in WMT activities with
warm cloud targets in mind, with a flying heights of
about 12.000-14.000 feet.

+ It’'s a PVC-based, tubular form material, with an external
diameter of 40 mm and a length of 125 mm. The ECoSAP
weight is about 100 gram.

* The seeding material used in ECoSAP is an NaCl powder
with particle distribution size of 50-60 micron, with
material themselves mixed with an anti-coagulant agent.

For next development, the seeding material used in ECoSAP is a powder salt with a particle distribution size of 2-10
micron.




Ground Based Generator IO A, TR J—
The general objecive of cloud seeding for utilities operation E ; % 7% e ; 7

water Management is to support the production facilities

belonging to PT. Vale Indonesia Tbk in Sorowako, South
Sulawesi.

it GBG TOWer , 7
Height =50 m i o % 45z, ';g:\j;_,;- ATl Y
Uses Teleburning S9$tem LCSCATION MAP OF
GROUND BASED GENERATOR
GBG Placement Location:
 Salonsa

e Bukit Cinta
* Himalaya

* Petea

e Asuli
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Lake Breeze effects on
Convection In Larona Catchment
Area, Sulawesi, Indonesia
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Wind Rose for Plantsite (left), Timampu (middle) Longitude

and Tokalimbo (right) on March 2010, 12-17 LT Accumulation of radar reflectivity for March 2010.
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Hygroscopic Flares Data Adquisition system

PMS 2DC particle imager
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precipitation
development
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Feasibility Study for Augmentation of Rain in

Sulawesi,
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Properties of cloud and atmosphere
over Sorowako South Sulawesi

» Aerosol, CCN and cloud droplet concentrations
are typical of clean maritime atmospheres

» At low CCN background concentrations, the
cloud properties are more sensitive to a change in

NCCN

« Emissions from anthropogenic sources are very
Important to study.

Feasibility Study for Augmentation of Rain in

Sulawesi,
Cinal Danart ONNAC \A/MI DDDT INIC m
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STATISTICAL EVALUATION FOR WEATHER

MODIFICATION TECHNOLOGY IN INDONESIA
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INTRODUCTION

Agency for the Assessment and Application of Technology, Indonesia
has conducted the Weather Modification Technology since 1967 to
enhance rainfall.

Cloud activity over the Indonesian Maritime Continent (IMC) shows
variations time scales : inter-annual and seasonal variations, intra-
seasonal variations, and variations with periods of less than several ten
days. Other than cumulus activity with a period of longer than several
days, diurnal cycle of cumulus convection induced by local circulation
(land-sea and/or mountain-valley breeze circulation) is also prominent
because the IMC is composed of many island and the surrounding sea.

These variations cause large deviation on average of climatologically
rainfall. Therefore, it is very difficult to evaluate the enhancement.

In this presentation, evaluation design for weather modification
technology on West Java, Indonesia is discussed.



METHOD

For the first, control areas are tried to be defined. Variability on temporal and
spatial scale causes the difficulty to choose control area . Since this difficulty,

control area may be different along year.
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1. Based on wind pattern
historically on target area, the
area on north side of Citarum
cathcment (Karawang and
Bekasi) could be defined as
control area for periode
December — March.

2. Based on wind pattern

historically on target area, the
area on north side of Citarum
cathcment (Karawang and
Bekasi) could be defined as
control area for periode
December — March.

3. Analysis rainfall data historical

from 1986-2009 shows that
the annual rainfall pattern
between Citarum catchment
and both of control areas has
strong correlation ; 0,772 for

1 11 A 1 N NN - r



TARGET AND CONTROL AREA (CONT)

—+—Target Area
Contral Area #]
—i— Cortrol Area #

Chart of Annual Historical Rainfall Pattern :
Target Area vs Control Area

Rainfall {mm}
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TARGET AND CONTROL AREA (CONT)

Scatter Paltem of Rainfall Data on
TARGET AREA - CONTROL AREA #1
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TARGET AND CONTROL AREA (CONT)

Scalter Pattemn of Rainfall Data on
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EVALUATION OF INCREASING RAINFALL
FROM CLOUD SEEDING ACTIVITY

The Increasing of rainfall as the result from cloud
seeding activity can be calculated by the
statistical analysis approach. There are 3
methods can be used for this aim:

1. Target Only Method
2. Target Control Method

3. Double Ratio Method



Rainfall {mm]

EVALUATION OF INCREASING RAINFALL
FROM CLOUD SEEDING ACTIVITY (CONT)

For example, the rainfall data from cloud seeding activity at Citarum Catchment Area
that has been done on 4-25 May 2007 will try to evaluate to know the increasing
rainfall that happen. This chart below shows the rainfall pattern historicallly (from
2001-2009) on May
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EVALUATION OF INCREASING RAINFALL
FROM CLOUD SEEDING ACTIVITY (CONT)

1. Target Only Method
This method using mean rainfall data historical as the base information for

comparation. The effect of cloud seeding and the increasing of rainfall can be
calculated by compare the rainfall on target area during cloud seeding period
with historical data at the same time for this area. The increasing of rainfall on
o lated by this equation :

CH,-Ch

R —* x100%
Ch,
Where,
R = theincrease of rainfall (%)

CHa = rainfall actual on target area (mm)
CHs = mean historical rainfall on target area

(mm)
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EVALUATION OF INCREASING RAINFALL
FROM CLOUD SEEDING ACTIVITY (CONT)

By this method, the result of increasing rainfall has range from 11,9 % to 82,9 % ; as can

~

Target Area and Contral Area

MON STRATIFIED STRATIFIED
TARGET CONTROL TARGET CONTROL
Years | Rainfall {mm)| Years | Rainfall (imm}| Years | Rainfall (mm) | Years | Rainfall {mm)

1986 1138 19490 1433 1987 1148 1990 14373
1987 1148 1991 12201 1938 1735 190 1220
1988 1735 1992 2800 1939 20430 1992 280
1989 2043 1993 318l 1990 1637 199G 106 3
Eg? 122 g lggg 7?13 gg; 1333 gg; ;i i Calculating Rainfall Increase on Target Area by Target Only Method (Mei 2007)
1993 1046] 199 10653 1993 B3| 1999 & Nomal (198 - 2009 Slrlfed
1993 B3| 1997 184] 1904 Fa8| 2000 766 A [ A+3D | R-3D ) X | &+3D | &-30
1994 F98| 1998 747| 1996 955 2001 1185 Rainfall mean histoncal mm) | 1238] 716 761 1264] 1753 774
1985 9558 1999 B35l 199G 9058 2002 g3a Fainfall actual (mm) 1987
1996 03| 2000 76h| 1997 1237 2003 B3 [Rainfall increase (%) 1 02 82 9 a9 B
1987 1237 20N 1185 1993 1629) 2004 2099
1988 1629 2002 8348 1999 1784 200 1441
1999 1784 2003 833l 2000 137 20 2008 Ri 4
2000 137 21 2004 20958 Z20M 12110 2009 B33
2001 12110 2005 BRAl 2002 714
2002 14l 2008 14401 2003 24
2003 o241 2007 o470 2004 224 B
2004 224 2008 BRdl  200R 1997
2005 796 2009 2633 2007 1387
2006 1597 2008 a0 s
2007 1387 2009 167 2
2008 a0 A
2009 167 2

Mean 1239 93,5 126,4 106,9

STDDEV 47,8 62,8 48,9 4,7




EVALUATION OF INCREASING RAINFALL FROM

CLOUD SEEDING ACTIVITY (CONT)

2. Target Control Method
Statistical analysis by this method need an control area for comparation. The increasing
rainfall on target area during cloud seeding period can be estimated from regression
equation using rainfall data historical from control area as free variable and rainfall data
historical from target area for the same interval period. The rainfall data actual that was
measured and has assumption that was impact by cloud seeding activity. The increasing
of rainfall on this methodRcziIﬁIated by thisggglja}ion ;

138,7 -97, 97,9751 x 100 %
=41,56 %
Where,
CH - R  =theincrease of rainfall (%)
R=_"9< "°+100% CHa =rainfall actual on target area (138,7 mm)
(_'735 CHs = estimation of rainfall on target area, that

was estimated from regression equation ;

y =0,0065x2-1,0527x + 118,94 (=97,975
mm)
By this method, the result of increasing rainfall is
41,56 %



EVALUATION OF INCREASING RAINFALL
FROM CLOUD SEEDING ACTIVITY (CONT)

3. Double Ratio Method

The natural rainfall has strong variation (temporally and spatially), and to
minimize the effect of this variation, We can used statistical analysis with Double
Ratio Method. This analysis comparing between the ratio amount of rainfall on
target area toward control area during cloud seeding period by the same ratio
during no cloud seeding activities period. Approaching of historical data can be
done by two way ; first, by using normaly historical data (in these example, using
data historical from 1986 — 2009), and second, using data historical stratified

Tha ralrnlatinn by double ratio method using these equation following :

R=(T/C)a/(T'Cus

Where,

R

=" Double Ratio" value

(T/C)a =ratio between actually rainfall on target area during cloud seeding
period,and rainfall on control area at the same time

(T/C)us = ratio between rainfall on target and control area during period no cloud
seeding activities.

The increasing of rainfall that was assumed get impact from cloud seeding activity
can be calculated by this equation :

R% = (DR-1)x100%



EVALUATION OF INCREASING RAINFALL
FROM CLOUD SEEDING ACTIVITY (CONT)

By this method, the result of increasing rainfall has range from

10,5 % to 43,3 % ; as can be seen on the table below.

Calculating Ranfall Increase on Target Area by Double Ratio Method (Mer 2007)

Marmal (1906 - 2004) otratified
A A+50 | K-5D A A +50 - a0
Rainfall mean histancal {mm) (Target 1239 171k 76 1 1264 1753 774
Contral 935 15B 3 A7 103 171k 42 2
Rainfall actual {mm) Target 130,7
Contral 94 7
Rainfall increase (%) 105 334, 409 239 133  -202




OBSERVATIO

Intensive Observation Period (IOP) was a form of
cooperation between NLWMT-BPPT & The Indonesian
Agency of Meteorology, Climatology and Geophysics
(BMKG) which was held for 30 days from 18 January-16
February 2016. The objective of this partnership was to
further understand detailed atmospheric conditions
during the occurrence of high rainfall event that causes
floods in Jakarta.

The observation was centered on 2 locations, i.e.
Puspiptek Serpong Area and BMKG’s Climatology Station
in Dramaga Bogor with the following instruments:

- Mobile Radar - Radiosonde
- Micro Rain Radar - Radiometer
- Automatic Weather Station - Drone

Total Presipitasi Jabodetabek 18 Jan-16 Feb 2016
s

A

The rainfall intensity in the
Jakarta Special Region and
Bekas was = 500-600 mm with
higher rainfall occuring in its
southern and eastern part.

BE-TMC BPPT 2015

The highest rainfall occurs in
Depok and South Tangerang with
intensities reaching up to more
than 650 mm.




FOREST FIRES

WEATHER
OBSERVATION >

LAND

Radiometer Installations I

Acquisition of
Weather data by
using radiometer
instrument
which will also
be taken to

OBSERVATION

Y

1. AWS and AWLR Installations

AWS and AWLR Installations were
based on peatlands distributions and
the availability of facilities a&
infrastructures.

AWS and AWLR Locations :

1. Tanjung Api-Api.

2. Karanganyar Village,
Muba § e

3. Kelantan Sakti o e, ")
Plantations Area. e TN

4. Manggala Agni g
Command Post, Distr.
Of Pangkalan Lampam, e

s AWST0.
Prabumulih Q’ M)

Kedaton

Menddla

Possible Measured Parameter:
Soil moisture and temperature, it

) g .
w0 00
SOUTH SUMATRA aws3 Mrpngoss

Palembang

Measured Parameter from radiometer :
1. Relative Humidity 3. Vapor density
2. Temperature 4. liquid

2. Soil Moisture Sample Acquisition, Ground
Humidity and Water Table

Instruments Used:

ample Ring and Soil Drill

E N7,

water level and rainfall m '

Site determination is based on peatlands
distributions and forest fire risks maps
which themselves was based on land

Soil Moisture Profile Probe

physical parameters (+ 20 locations). T

_ NATIONAL LABORATORY OF WEATHER MODIFICATION TECHNOLOGY- BPPT



Forecasting &
Monitering

v R A m B g\ W RADAR RAINFALL OBSERVATION FOR EARLY WARNING SYSTEM

Moty Predbal Faskm Pen  Keleedamn Duts  PolaDesir

Expansion Plan

the possibility of cooperation between
rain monitoring (R-RAINBOWS) and
inundation monitoring in Jabodetabek
area (petabencana.id)

Badan Pengkajian dan Penerapan Teknologi
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R - RAINBOWS is a system of precipitation
observation and monitoring using radar for the
early warning of flood in Jakarta and
surrounding areas which is displayed through
an interactive Web-GIS.

T
-RAINB®W

= Update data 151272016 14:05 WIB ~

- e R +
Update dat, 51 4/2016 140008 ~

wxmod.bppt.go.id/ews_2016
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M nitoring Online K.d dungan Air L(:.l n Gambut
tkb ly Warning System Karhul
e B85 Monitoring N
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Data Cable

MS System

Internet
Network

t

Data Cable
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MCKIES

Sistem Monitoring Online Kandungan Air Lahan Gambut

For

Indonesia untuk Early Warning System Karhutla

am 9 L\ 7rm
Sungsand
Lokasi 1
Lokasi 2
Keluang
Upang
Bailangu

Palembang

Talang
Pangeran

SUMATERA Modong

SELATAN
Prabumulih
Pedamarar

Tambangan

Installed on July 2017

Tanjung Api-Api.

Desa Karanganyar,
Banyuasin

PT. Kelantan Sakti
Posko Manggala Agni, Kec.
Pangkalan Lampam, Kab. OKI.

Musi

—

Simpangtiaa
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Mlg()lKig\lI(lt
mtuk Early Warning System Karhutla

MKBDI (modified Keetch-Byram Drought Index)

Modified
KBDI' = KBDI*~! + DF' — RF! KBDI*

¥ t-1 t t
‘ mKBDI* = mKBDI'~! + DFy i, 7y — RF

Symbols Description Units
Madifed KaGs, whs consders ol »m | Improvement:
. Sl.-i::f:.f{:ci::d S T Modified.by local gr_mual rainfall, sqil and
DF 0, Adjusted O whic s onsdered ocal hyd rologlcallcondltlon. So, new variable has
o been added i.e. Water Table Factor (WTF)
il ik v mm 1 2. Simple input data, only need local annual &
daily rainfall and daily maximum air
temperature.
3. Daily calculation

*Taufik M, Bl Setiawan, HAJ Van Lanen. 2015. Modification of a fire drought index for tropical wetland ecosystems by including water table
depth. Agricultural and Forest Meteorology 203 (2015) 1-10. dx.doi.org/10.1016/j.agrformet.2014.12.006



Example:

Calculation of mKBDI Drought Index in Tj. Api-api
Period: 24 July- 17 August 2017

200 30.00
HIGH \ - 25.00
150 - a
— —" 20.00
MODERATE

100 - / - - 15.00
__‘,.,.,/x 10.00
LOW

H - 5.00
0 - ||_|Iﬁ| ||_|Iﬁ| Hﬁﬂ e |_||_| B ) I 0.00

24 juli 2017 27 Juli 30 Juli 2 Agustus 5 Agustus 8 Agustus 11 Agustus 14 Agustus 17 Agustus
2017 2017 2017 2017 2017 2017 2017 2017

OCH -e—mKBDI —Water Table

(&)
o
!

drought index and water table (mm)

ring Onlin l\
kl rly Wa

Smendies

CH (mm)

s,\ll(
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THANK YOU
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