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One Decade of Development

Building Upon the Royal Initiative
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With the pride in my heart, | have been working at the Department of Royal Rainmaking and
Agricuttural Aviation, both prior to and since receiving His Majesty's gracious assignment to act as Director-
General of the Department of Royal Rainmaking and Agricultural Aviation, which is the department that
supports Royal Rainmaking Projects of His Majesty King Rama 1X to solve the sufferings of the people.

| have made a personal resolution. Throughout my tenure, | will strive to develop the
Departrment of Royal Rainmaking and Agricultural Aviation in all aspects according to organizational vision:
To become the world's leading organization in weather modification according to the King’s Philosophy
within the wyear 2037 by buildine upon the Royal Rainmaking Technology through research and
development. The introduction of new technology with high performance as an operational tool can
reduce costs, increase capability, and enhance efficiency in the development of personnel’s knowledge

and skill as well as tearmwork and contentment at work,

As part of the Royal Rainmaking Operations, full-fledged uperade will be applied to operations so
that the results become apparent in the eyes of farmers and people, by mobilizing resources to make it
rain in the tarcet area which, in turn, provide sufficient amount of water and hydration within a short
period of time, along with making the best use of resources whether it be the aircrafts, weather

monitering equipment, royal rainmaking substances, or Royal Rainmaking Voluntesr networks. This is all
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Mr. Suphit Phithaktham
Director-General of the Department
of Royal Rainmaking and Agricultural Awiation

for the utmost benefit ta the people and sustainability.
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To be an intelligent organization on balanced and sustainable

management of atmospheric water and agricultural aviation
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* Management of atmospheric water with weather modification
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Research and development of weather maodification

knowledge, innovation, and technology
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Aviation management for weather modification and aericultural

activities
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Enhancement of aviation efficiency

Enhancement of weather modification

efficiency

Enhancement of research capability and

== development of weather modification &. IWDUS:ANSATWSILUANSANONUATASY
knowledge, innovation, and technology Enhancement of organizational
== performance efficiency %
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Determination of policies, strategies, and master plan concerning atmospheric water management,

and coordination on policy and participation in integrated water management of the country.
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Royal Rainmaking operation to increase water in agricultural land, forests and reservoirs, and mitigate

drought and natural disasters mitization.
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Research and developrment of Royal Rainmaking technology and weather modification.
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Prowvision of aviation of and communication service to support Royal Rainmaking operation, research

and development, and agricultural activities.
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Performance of other duties in accordance with laws or as directed by the Minister of Ministry of

Agricultural and Cooperatives and the cabinet.
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Royal Rainmaking Operation Division (Cont)
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Agricultural Aviation Administration Division -
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Development of Site-Specific Royal Rainmaking Techniques: A Case Study of Tak,
Sukhothai, and Uttaradit Provinces

This study aims to 1. analyse the influence of meteorological and topographical characteristics
to rain-storm behaviours of study area and 2. develop site-specific Royal Rainmaking techniques in
drought-prone area of Tak, Sukhothai and Uttaradit provinces. The rainmaking requirement data
analysis between 2015-2019 showed the highest monthly average for Royal Rainmaking service requests
in Tak province in September (24 times/month) and in Uttaradit province in July (13 times/month).
The rainmaking requirement in Sukhothai province was relatively high in 2 periods: first, in April (17
times/month) for field crops and horticulture activities, and second, in August (19 times/month) for
rice field activity. However, the averace of rain enhancement efficiency during 2015 - 2020 in Tak,
Sukhothai, and Uttaradit areas was 88%, 68%, and 20%, respectively. The analysis of rainfall data
between 2015 - 2020 found that an average annual rainfall in the study area was 880 mm (413 -
1,486 mm). Most of the rain-gauge stations had the highest monthly cumulative rainfall in August.
The exception was found in the southwest monsoon rain shadow area of Thanon Thong Chai
Mountain range (Ban Tak, Musang Tak, Sam Negao, Kong Krailat, Khiri Mat, Nam Pat and Mueang
Uttaradit districts) where the highest monthly rainfall occurred during September-October. The
Probability of Radar-Reflectivity-Based Precipitation (PRP) by using 2018 - 2020 Omkoi weather radar
data, found that the PRP during the day showed high recurrent frequency in 01.00-07.00 pm. The
result of rainfall characteristics analysis was analyzed with the Omkoi upper air data (2017 - 2020)
to determine the appropriate rainmaking operating criteria for study area. In 2022 (March to
September), research project collected 83 samples of rainmaking operation under new upper air
condition criteria for further analysis of the rainfall enhancement efficiency and development of

site - spedific Royal Rainmaking techniques for Tak, Sukhothai, and Uttaradit provinces.
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Development of Site - Specific Royal Rainmaking Techniques: A Case Study of
Phayao and Chiang Rai Provinces

The drought problem in Phayao and Chiang Rai provinces became espedially apparent in rainy season
with severe consequences on agricultural activities. Study of previous Royal Rainmaking operations
in 2015-2020 revealed success rate of 83 % in Phayao province and 53 % in Chiang Rai province. To
increase the success rate and mitigate the impacts of drought with Rainmaking operations, it is
necessary to study and develop site-specific Royal Rainmaking operating technigues. Firstly, the study
must take into accounts the changes in metecrological characteristics, environmental conditions, and
features of topography that influence the occurrence of rain clouds. Then analysis and development
of an appropriate Royal Rainmaking technique will be considered in the study area. In 2021, the
study was conducted to explain the behaviours of rain clouds from Chiang Rai meteorological radar data

and to understand regional climate characteristics with influential weather index that affect precipitation
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in the target area. Design of Rainmaking techniques and testing operations would commence in 2022,
Finally, all. data would be collected and analysed to summarize the site-specific Royal Rainmaking
technigues for the drought-prone areas. This research analysed correlation of all variables data in
the study area, namely topography, land use, rainfall behaviour, upper-air observation, regional
weather characteristics, requests for Royal Rainmaking service and Royal Rainmaking operations
database in 2018 - 2020, The output consists of rmin doud behaviour maps, suitable time and place of
rainfall, and Royal Rainmaking techniques for the study area. The last progress was analysis of Royal
Rainmaking technigue samples in 2021 - 2022, including analysis and summary of results according to the

ohjectives of the research.
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Development of Site-Specific Royal Rainmaking Techniques: A Case Study of
Phichit and Phetchabun Provinces

According to the Land Development Department (LDD) and the Department of Disaster
Prevention and Mitigation (DDMP), delayed rain and repeated drought have been a crucial issue in
Phichit and FPhetchabun provinces. In 2016 - 2020, there were 575 requests for royal rain services for
agriculture and consumption from farmers and governments. From the Royal Rainmaking operations
to help the droucht areas in Phichit and Phetchabun provinces from 2018 to 2020, a total of 433
days of assistance were found. There were 293 days of rain from the operations, accounting for
66.14% of the success. The purpose of this study was to study meteorology, environment, and
geoeraphy which affect cloud generation in Phichit and Phetchabun provinces. The results will be
provided for analysis and conducting of appropriate Royal Rainmaking methods in these regions,

where Thai industrial crops such as rice maize cassava, and sugarcane are planted in non-irrigated
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areas and watershed area. In the first year, the research had studied the variants of ceocgraphy and
meteorology, which influence cloud formation in Phichit and Phetchabun provinces. Collecting data
on cumulative rainfall compared with the frequency of the regular rain group, using Takhli radar data
at Nakhon Sawan province during 7.00 AM — 7.00 PM (the data from 2018 to 2020, which is divided
into 4 time periods). Then, the recurrence frequency of reflectivity at 30 dBZ form the Radar
Climatology Analysis was used to indicate the period of a regular rain cloud. The consequence
revealed rain cloud is commonly created during March to October, mostly occur in the afternoon
(1.00 PM - 7.00 PM). And then, not detected rain cloud during November to February in research
area. In the second year, this study is currently in the process of collecting and analysing the upper
air sounding data to suggest the criteria to develop the suitable model of royal rain operation for
Phichit and Phetchabun provinces. As for the collected data from Takhli radar data at Makhon Sawan
province during March to October (the data from 2018 to 2020), there were 216 days of the rain fall.
The 5 variables including Lifted Index (LI}, Showalter Index (SI), K Index (KI), Relative Humidity (at
5,000 - 10,000 ft), and wind speed (at 5,000 - 10,000 ft) on rainy days were analysed using Box and
Whisker Plot to suggest the suitable criteria for royal rain operation in Phichit and Phetchabun provinces.
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Development of Site-Specific Royal Rainmaking Techniques: A Case Study of
Kanchanaburi Province

This research is to study and develop technigues for Royal Rainmaking operations in
Kanchanaburi province in order to increase the number of areas that benefit from the Royal
Rainmaking Operations. The criteria for the suitable model of rminmaking in the study area were
provided. The upper air sounding data were analysed using Box and Whisker Plot to study Inter
Quartile Range. The data was obtained from the study of 242 days of upper weather measurement
variables on rainy days in the study area between March - October 2018 - 2020 by using the Box and
Whisker Plot method to study the guartile range. It was found that lifted index (LI) ranged from -1.5
to 0.4, Showalter index (SI) was between -0.4 to 1.3, K index (Ki) was between 33.9 to 37.0, wind
speed at 5,000 - 10,000 feet was 7.0 to 15.7 knots, and relative humidity lewvel at 5000-10,000 feet
was between T18% and 87.2 percent. In 2022, the criteria were experimentad by rainmaking
operation in the study area which flaw a total of 27 samples. This project is in the process of

conclusion and discussion.
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Development of Site-Specific Royal Rainmaking Technigues: A Case Study of
Lopburi Province

Phatthana Mikhom district, Lopbur province, has made a large number of requests for Royal
Rainmaking services. There were 53 requests in 2019, 59 requests in 2020, and 58 requests in 2021.
The corresponding days of Royal Rainmaking operations amounted to 53 days in 2012, 59 days in
2020, and 57 days in 2021 respectively. This high quantity of requests and corresponding Royal
Rainmaking operations indicated that the research and development of Royal Rainmaking operation
technique specific to this area are crucial to assist farmers. This research studied and developed
Royal Rainmaking operation technigue for the study area in Phatthana Nikhom district, Lopburi
province, to increase the efficiency of Royal Rainmaking operation for sustainable assistance to
farmers and water requirement. In 2021, new criteria were determined for the development of
suitable Royal Rainmaking operation methods. Analysis of upper-air sounding data from 242 rainy
days between April to October 2018 - 2022 in the study area, using Box and Whisker Plot to study
Inter Quartile Range, showed that the LI was between -1.8 to 0.3, the 5l was between -03 10 1.2, the
Kl was between 34.6 to 37.7, wind speed at 5,000 — 10,000 ft was between 7.6 to 17 knots, and the
relative humidity at 5000 - 10,000 ft was between 7d.3% to 88.9%, as demonstrated in Figure 2
which was a sample of Royal Rainmaking operation under the new criteria for the area in Phatthana

Mikhom district, Lopburi province, on 9 May 2022,
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Development of Site-Specific Royal Rainmaking Techniques : A Case Study of
Surin Province

The study area, the watershed of the Huai Saneng and the Am Puen Reservoirs, Surin province,
faced the drought situation continuously. the number of requests for Royal Rainmaking service tends
to increase in every year. Although the success rate of Royal Rainmaking in 2018 - 2020 was
approximately 64.44%, it was not enough for the water requirement in this area. The objectives of
this study are, 1. to study environmental meteorology, 2. to study the monitoring and evaluation of
the Royal Rainmaking project, 3. to develop a suitable model of the Royal Rainmaking operation for
the study area. The study of environmental conditions and metecrological characteristics affecting
the occurrence of rain clouds in the watershed areas of Huai Saneng and the Am Puen Reservairs,
Surin province was conducted by using Radar Climatology Analysis method. The data from Phimai
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Royal Rain Radar station, Nakhon Ratchasima province in 2017 - 2020 were analysed based on the
reflectivity exceeding 10 dBZ. The cnteria for the suitable model of minmaking in the study area were
provided. The upper air sounding data were collectad from rainy days in the study area during February to
Movember in 2017 - 2020 and analysed using Box and Whisker Plot to study Inter Quartile Ranze. The results
showed that the occurrence of rmin clouds in the study area was influenced by the air - mass of high pressure
from China moving to low pressure covening Thailand in the dry season, whereas it was influenced by
Southwest monsoon, monsoon trough, and tropical oyclone in the wet season. The doud formation
occumed covering the Phanom Dong Rak range between 07.00 am-01.00 pr. Then, it moved through
Makhon Ratchasima and Burram provinces into the study area between 01.00 - 0400 pm. After that, it
developed into the min between 04.00 - 0700 prm. The upper air indices were used as the criteria to
develop a suitable model of rainmaking operation for the study area are as follows: 1. The Lifted index are
as = 0.1 and = 0.5, 2. The Showalter stability indexare as = 1.1 and = 08, 3. The Kindex are as = 33 and =
35, 4. Relative humidity are as = 68.0 and = 73.0 %, and 5. Wind speeds are as < 10 and < 17 knots in the
dry and wet seasons respectively. The criteria were experimentad by rainmaking opseration in the study area
from February 2021 to August 2022, The result showed that the success rate of Royal Rainmaking operation
based on the new aiteria increased to 70.73%.
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Development of Site-Specific Royal Rainmaking Technigues : A Case Study of
Rayong Province

Rayong province has the rapid expansions of the industrial and tourism sectors. Therefore, the
dermands for water supplies increased. However, the main water reservoirs are limited and unable to
support the aforementioned expansions in Rayong province. Consequently, these resulted in insufficient
water supplies for consumptions as well as for agricultural and industrial sectors, creatineg problematic
competition for water supplies between the water consumers in the industrial and agricultural sectors.
Hence, this research study focuses on studying and developing the practical techniques for Royal

Rainmaking in Rayong province as well as the appropriate Roval rminmaking operations for wetlands and
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water reservoirs in Rayong province that depend on water from dams in order to increase the rainfalls in
the wetlands and water resenvoirs in Rayong province. By analysing the upper-air observation results from
the Sattahip Royal Rain Radar Station in Chon Buri province from 2016 — 2020, the meteorological data
and the operational data of the Royal Rain in the study area; it was found that the appropriate weather
conditions had the relative humidity (RH) of 60 percent or higher, the wind speed of 20 knots or slower,
the Showalter index (Sl) of 1.9 or lower, the lifted index (LI) of - 10 or lower and K index (KI} of 30 or higher
as shown in Table 1. According to the operational data of the royal rain from 2016 — 2020, it was found
that the appropriate wind directions for the royal rain in the researched area were North (N) (5.97%),
Northeast (NE) (5.97%), East (28.36%,), Southeast (SE) (14.93%), South (S)(7.27%), Southwest (SW) (1d.18%),
West (W) (19.40%) and Northwest (NW) (4.48%). According to the models of the formations and
mowvements of rain clouds in each wind direction, it was found that the wind directions with the hichest
chances of the movements of the rain clouds during the roval rain in the researched area were East, West
and Southeast, respectively. According to the models of the formations and movements of the rain
clouds in the East, the interferences could be done along Soi Dac Mountain in Chanthabun province, Ja
Mao Mountain in Rayong province and other areas in Chanthaburi province (Kaeng Hane Meow, Soi Dao,
Khitchakut Mountain, Tha Mai and Na Yai Arm) as shown in Figure 1. In the case study of the royal rain
with the models of the formations and movernents of the rain clouds from 2016 - 2020, it was found
that the air operations took 31 days. There were the winds in the East (E) for 13 days, Northeast (NE) for
4 days, Southeast (SE) for 4 days, South (S) for 3 days, Southwest (SW) for 3 days, North (N) for 2 days,
West (W) for 1 day and Northwest (NW) for 1 day, respectively. Nonetheless, the project still needs to
analyse the operational results of the royal rain and additionally metecrological varables in the fiscal

year of 2022 in order to obtain the most efficient guidelines for the royal rain in Rayong province.

SIS e
ASUGUKAIOUAASINAEOS



a. InsonrsAnuuasicunAGANTISUAUAASEUKAoIBOWUR ASEIANL : WuRddKIaAIfa

-1 w = = e - e e = e ET 7] 1]
wﬂ"l'l-.l']'{lﬂul:ﬁuﬂ"liﬁﬂﬂquﬂﬁﬁﬁluﬁkﬂﬂuﬂﬂqiﬂﬂﬂm ATFHUVAINTINUN VIR U IR R lﬁju

®

-

u ﬁa'f'm"rﬂra%’w’%mipluWﬂ’NIuﬂ’ﬁ'Lﬁﬁ"lLﬁamiqﬂﬂﬂﬂ V3lam mMavinaiie? wasfiufinsnEns lwuU1aane

-1

wr
-4

ﬁawuﬁﬂaﬂa’lmaﬂﬁﬁﬂL‘fluﬂﬂ'wamﬂm'ﬂmwﬂ'ua:u:]*umﬁ’lmﬁuﬁuﬁﬁﬂwmﬁamauﬁ"iﬁ‘:umz Yilwlu
vsinaswinsnsliiniuiouen dlidenideiiuneimotsradds o defnsanm:
mmﬁﬂmﬂﬁﬁﬂwxm:rqﬁlﬂﬂﬁmﬂﬂﬁﬂﬁﬂﬁwﬂﬁiamﬂﬁﬂmmuﬁmmﬁuﬁﬁhﬁﬂqLﬁm o, WaAnwId WL
wqﬁnimrﬂitﬁﬂmﬁ]uu?nmﬁuﬁﬁmﬁﬂqtﬁﬂ war a. WawwunzUuun T fiRnsunmafivanzan
U%Lim#uﬁﬁ'aﬁmgl,ﬁﬂmiﬁ'nmﬂmi:mﬂﬁauﬁnm‘uxmaaﬂﬁaﬁﬂﬂﬂw'ﬁ'iil'ﬁmﬁwaﬁamﬂﬁﬂmﬂuua:ﬁﬂm
ﬁ'ﬂﬂmﬂwqﬁnﬁa,lnﬁl.ﬁﬂnﬂui’:uﬁﬁﬂmﬁ']'awi'ﬂﬂ“l.ﬁm lrmnmslirnzvdayasainsasaimannaniisans
duvaamundingrenond il WA beds - bene AilAnTasvipusnn 20 dBZ feE Radar
climatology analysis -'n"ar-mmﬁl,ﬂﬂm'lﬁn’lmﬁﬂa*ﬁm&ammﬁlmmmnﬁmﬁwaanejuﬂuuﬂ:ﬁﬁ AYARING"?
wirsziiuiuiayaduarauarourainsuanieyivet wazioy afAvnIkazAEaRTanafad
AU &,000 - @0,000 WA PDHANTII N AT LA T Sl uE s Tmings g i wansfinm
ﬁﬂ'lﬁlﬁﬂﬂﬁummﬂu.a:wqﬁmmmwﬂﬂuﬁuﬁ‘ﬁwﬁwﬁ WA bdde ~ odod ﬂ"raﬁ'nmr‘hﬂuﬂmmﬁﬁﬂulﬂ
dwmTunisudinng :duwamﬂaﬂmmﬁﬂwum SRR TIumaI A uﬁﬁlﬂ‘l.l'ﬂ‘l.l“-'ﬁlﬂﬂ’.lﬂﬂkﬂﬂ Taefne
mamamﬁmﬂmmﬁwwmnﬁmm FATHuMEIINLY SovindT ey iond 'I.u'mwmumﬂmnmwuwﬂnm 1
WA bdda WA bdol LAT WA, bdoa TTUN bas T iayadindiuniirTedaAedsn1s Box and
Whisker Plot ifiaAnwiAnfiduraglng (inter Quartile Range) #wmantsdnuwilnlarciaululwifimuncay
dwiudulamavszaunaduisluntsufoFmsdunadaluiud Tae A1 U deendimdaminnu - ol /1 S
UBLATIVIBNTTY 6. ﬂ11u%uﬂ’mﬁ'ﬂﬁLﬂﬁ'ﬂﬁixﬁ'uﬂﬂuga &,000 - @o,000 A fIfA1 WInniwIeawiiu
vals % wazARMLeRRsTTEfU ¢ 000 — eo.000 e davseniwiawiniu eo.m van N
ﬁﬂﬁﬁﬂuaxﬂqwLE:’muﬁ’lu"ﬁn'riqﬂ'Lﬂaﬂ'lHmﬁﬁuﬁuﬂﬁﬁﬁmiﬂuwﬂ’mlﬁgﬂuuum’aﬂﬂ‘lﬁﬂ"ﬁﬁ"mjuﬁ'"ﬁ'ﬁl"u el
Jorar go.o W o

[ E——

: . . . . B :
ATl & FEsLLRIRIIATITIAUE Eooo-wo,000 WA vl o rrlfiRrshmesshiusad b us Suredl @
o H o = P VY] o o o
ndaysntTATIeetaedury gandisndiunaaam uinadiufl amirg i (Ul o wsaey edoa)

Fringrregent T edom

ANHUAL REPORT 2022
MEPARTRENT GF B4 L RTARMAKING &0
AHD AGRICULTURAL EVTATION



Development of Site-Specific Royal Rainmaking Techniques : A Case Study of
Phuket Province

This research is the study and development of Royal Rainmaking operation techniques. Phuket
provinge, as this is a region where Royal Rain service is required. This is an area where the Royal Rainmaking
service is asked to provide water for consumption, tourism and farming areas in a few districts. This area
has an enormous barmier to rain because it is an island surrounded by sea with hich consumption at
certain times of the year. This research was camed out and aimed to 1. study the environmental
conditions and meteorological characteristics influendng the occurrence of rain cdlouds in Phuket province
area, 2. study the behaviour of rain dlouds in Phuket province area, and 3. develop appropriate pattems
of royal rain operations for Phuket province. The study of environmental conditions and meteorological
charactenstics have influenced the formation of rain clouds. The study of rain behaviour charactenstics in
the study area can be obtained by analysing weather radar data from the Phanom radar station in Surat
Thani province between 2016 and 2021 and a reflection value exceeding 20 dBZ with radar climatology
analysis. The results showed data on the frequency of predpitation clusters. This data is used for analysis
in conjunction with monthly cumulative predpitation data from the Meteorological Department of
Thailand. Wind direction and wind speed data at 5,000 to 10,000 feet are derived from altitude data from
the Phanom radar station in Surat Thani. The results of the study provided a timeline of weather
conditions and rainfall behaviour in the study area in 2016 - 2021. The study of the critena for royal rain
operations was developed as a royal rain operation model suitable for Phuket province by studying the
data of the upper air results from the Phanom radar station, Surat Thani province rainy days in study area
between 2015, 2019, and 2020. The 298 days of data were analysed using the Box and Whisker Plot
method to study the Inter Quartile Range, which resulted in new conditions suitable for increasing the
chances of success in the area's rain operations. Both U and 5l values were below 02 and 18,
respectively. The average relative humidity at altitudes from 5,000 to 10,000 feet was above 61.2%, and
mean wind speed values from 5,000 to 10,000 feet are below 16.3 knots. Based on index thresholds and
wind speed, it can help deliver a more accurate operational opportunity from 80.0 to 87.5 percentage.
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Development of Site-Specific Royal Rainmaking Technigues : A Case Study of
Kamphaeng Phet Province

According to the Land Development Department (LDD) and the Department of Disaster
Prevention and Mitigation (DDMP), delayed rain and repeated drought have been a crucial issue in
kKamphaeng Phet province. In 2016 - 2021, there were 205 requests for Royal Rainmaking services for
agriculture and consumption from farmers and governments. The Royal Rainmaking operations to
help the droucht areas in Kamphaeng Phet province from 2017 to 2021 accounted for 70.2 percent
of the total Royal Rainmaking operations. The purpose of this study was to study meteorology,
environment, and geceraphy which affect cloud generation in Kamphaeng Phet province. The results
would be provided for analysis to apply appropriate Boyal Rainmaking methods in these regions,
where Thai industrial crops such as rice maize cassava, and sugarcane are planted in non-irmeated
and watershed areas. During the first year, the research focused on understanding gecgraphy and

rmetecrology's variants which influence cloud formation in Kamphaeng Phet province. Data collected
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on cumulative rainfall compared with the frequency of the regular rain group, using Takhli radar data
at Nakhon Sawan province during 7.00 AM - 7.00 PM (the data from 2019 to 2021, which is divided
into 4 time periods), as well as the recurrent frequency of reflectivity at 30 dBZ from the Radar
Climatology Analysis were used to indicate the period of a regular rain cloud. The consequence
revealed rain cloud is commonly created during March to Octolber, mostly occur in the afternoon
(1.00 PM - 7.00 PM). The rain could begin to develop around mountains in west of the province. And
then, rain cloud was not detected during November to February in research area. Currently, this
research is implementing an analytical process on spatial rain cloud formation, compared with the
environment, upper air sounding data, accumulated rainfall, and the effects of gecoraphy 1o
determine the aviation criteria and to eventually develop proper Royal Rainmaking method in

Kamphasne Phet province, Thailand.
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Development of Site-Specific Royal Rainmaking Techniques: A Case Study of Uthai
Thani and Western Nakhon Sawan Provinces

This research is to study and develop the suitable Royal Rainmaking operation techniques for
applying in Uthai Thani and Western Nakhon Sawan provinces, aiming at increasing the number of
beneficial areas from the Royal Rainmaking operation. In 2022, the study examined the topographic
data, meteorological characteristics, and cloud formation in the study area, and it indicated that
Uthai Thani and the western Makhon Sawan provinces are located in the lower part of northem
Thailand near Sakae Krang Basin flowing into the Chao Phraya River at Manorom district, Chai Mat
province. The topoeraphy and land surface of the areas is eenerally complex. Two-thirds of them are
forests and high mountain ranges sloping from the west down to the east. While, one-thirds of total
area is approximately the agricultural plain caused by the depasition of sediment of the Chao Phraya
River and Sakae Krang River. In addition, Uthai Thani’s and Western Nakhon Sawan’s climate is tropical
with average year-round temperature at around 24 - 25 degrees Celsius. The weather is extremely
hot in summer during April — May with the highest temperature ranging from 38 to 42 degrees Celsius,
and dry in winter during December - January with the lowest termperature of 15 - 16 degrees Celsius.
Furthermore, the study revealed the records of Royal Rain request as follows: there were 143, 51,
and 27 requests during 2020 - 2022, respectively. The Royal Rainmaking operations were also
conducted over the study area for 19% days in 2020, 128 days in 2021, and 38 days in 2022. For the
upper-air observation data derived from Takhli radar station, it showed that, during the summer, the
Relative Humidity (RH) and the Lifted Index (LI} at both upper and lower levels affected the success

of Royal Rainmaking operation. Meanwhile, during the rainy season, the air mass uplift index at both
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the upper and lower levels was concerned in decision-making for the operations. In conclusion, this
information will be considered as the important factors related to the Royal Rainmaking operation in
Uthai Thani and Western Makhon Sawan provinces in 2023.
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Development of Site-Specific Royal Rainmaking Techniques: A Case Study of Udon
Thani Province

This research focuses on the development of suitable Royal Rainmaking technigues in Wang
Sam Mo district, Udon Thani province. The north of Wang Sam Mo district is surrounded by mountains
and hills, while Phu Phan Mountain ranges lay down along the district’s border from the east to the
south. Some areas are in the rain shadow of the Phu Phan Mountain range, and receive less rainfall
than average amount. The rainfall tends to decrease significantly, thus the rainfed agricultural areas
are affected by the water shortage. This research examined the environmental and meteorolosical
characteristics of cloud accumulation, and the evaluation of the Royal Rainmaking operation in the
study areas in order to develop the suitable Royal Rainmaking techniques in Wang Sam Mo district,
Udon Thani province. The topographic and meteorological data were collected and analysed by
Radar Climatology Analysis Technique with reflectivity exceeding 20 dBZ in order to find the suitable
meteorological condition of rain initiation in the study area. The radiosonde data was dernived from
Ban Phue radar station, Udon Thani province, together with the upper air sounding data from January
2018 to December 2020. The results showed that the natural rain cloud occurred in the study area
in summer during March - April with low frequency and continued to appear frequently in the
afternoon in rainy season during May - June with west and south west wind. The cloud accumulation
in the study area tended to increase in July and peak from late morning till at night in August due
to west and MNorth West wind, while the wind direction in September is unpredictable due to the
effect of tropical cyclone. During the rainy season from May - September, the rain cloud which was
affected by the southwest monsoon was found frequently. According to the relationship between
the frequency of Nimbus cloud formation and the topography, it was found that the rain cloud was
formed and occurred near long mountain ranges in western Udon Thani province from Mong Wua So
district to Ban Phue district and moved to the study area. Currently, this research study is in the
process of collecting and analysing data of 2022 in order to adjust the criteria in 2023 and further
dewvelop the suitable Royal Rainmaking technigues for Waneg Sam Mo district, Udon Thani province.
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Development of Site-Specific Royal Rainmaking Technigues: A Case Study of
Buriram Province

The total area of Musang district, Buriram province is 448 896.88 rai, including agricultural areas
of 320,911 rai which is about 71.49% of the total area. The agricultural areas are mostly the rainfed
agriculture because it is located outside the irmigated land. The rainfed areas are divided into rice
planting for 290,932.00 rai and sugarcane planting for 16,770.50 rai. The Huai Chorakhe Mak and the
Huai Talat reservoirs are the important medium-scaled reservoirs for both agriculture and household
consumption. In 2017, the increase of population in Mueaneg district causes the rising demand for water.
During 2018 - 2019, the Royal Rain requests from govemnmment agencies and farmers through sewveral
channels were increased continuously. Howsver, the achievement of Royal Rainmaking operation in
this area during 2017 - 2020 was 52.70 percent of the total Royal Rainmaking operations. The purposes
of this study are 1. to examine environmental conditions and meteorological charactenstics affecting
the occurrence of rain cdlouds in Musang district, 2. to monitor and evaluate the Royal Rainmaking
operation and 3. to develop the suitable model of the Royal operation in the study area. In the first
year, the studies of environment and meteorological characteristics affecting the occurrence and
behaviour of rmin clouds were conducted by using Radar Climatology Analysis method with the
reflectivity exceeding 20 dBZ. The data was collected from Phimai radar station, Makhon Ratchasima
province during daytime (07.00 - 19.00 hrs.) from January 2017 to December 2020, and divided into 4
periods of 3 hours each. The results showed that the rain clouds slightly occurred in late winter Uanuary
to February). The frequency of rain clouds increased in summer (March to April) but it was lower in
May to July. The maximum of recurrence frequency of clouds was found in the afternoon during August
to September, which was the period of the monsoon trough throueh the upper Thailand, including the
study area. In October, the frequency of clouds decreased because the wind direction was changed to
north-easterly wind as the winter starts in Movember. This study is currently in the process of collecting
and analysing the upper air sounding data for adjusting the critena in order to develop the suitable

madel of Royal Rain operation in Mueang district, Buriram province.
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Development of Site-Specific Royal Rainmaking Technigues A Case Study of
Prachuap Khiri Khan Province

This research is the study and development of Royal Rainmaking operation techniques.
During both dry and rainy seasons, Royal Rainmaking service were requested in the Bane Saphan
district, Prachuap Khiri Khan province, to provide water for agricultural use. The Bang Saphan region
is flanked by the sea in the east and has licht rainfall during the rainy season due to the steep
mountains in the west. [ts narrow area resulted in a relatively small quantity of rain each year which,
in turn, resulted in a decline in agricultural production. There have three droughts in the last 10
years. This study aimed to 1. investigate the environmental factors and meteorological factors of the
rain clouds in the Bang Saphan area, and 2. study the local rain cloud behaviour and develop
appropriate rain patterns to the Prachuap Khiri Khan province at Bang Saphan district in need of
water. Studies of the envirenment and climatic variables that influence the formation of rain clouds
and the features of rain behaviour were conducted in the study area. It was discovered through the
examination of weather radar data collected between 2016 and 2021 at the Pathic radar station in
Churnphon and at the Phanom radar station in Surat Thani with a reflection value exceeding 20 dBZ.
The findings of the radar climatology study, which used this data in addition to the Meteorolosical
Department's monthly accumulated rainfall data as well as the wind direction and speed at which
clouds formed at 5,000 to 10,000 fest of the two stations of upper air data. These results indicated
that during the months of February - April and July - August in 2016 - 2021, there were light rainfall
in the Bang Saphan district due to less rainfall from the steep mountains surrounding this area.

A Royal Rainmaking operations flight in Chumphon province's Royal Rainmaking unit ability to conduct
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operations for 12 days in June 2020. The Bang Saphan district received reports of licht-to-moderate
rainfall from the Royal Rainmaking service region. Water gauge readings ranged from 3.2 to 394
millimetres in water guality. Additionally, data from upper air findings at the Pathio station in the
province of Chumphon revealed that LI values were between -2.6 and 1.8, 5l values ranged between
-1 and 3.2 and Kl levels exceseded 321 Additionally, wind speed ranges from 1 to 17.5 knots with

primarily southerly and south-westerly direction during operation.

oc. 1ASOATSANL AV CULINATAATSUAUAAISWUKAIIEOWUR ASEIAALT : WuRUwWandulnSo
D0KIQUASASSSSUSTY

ﬁu*ﬁlﬂ’mqmum%a Lﬂufuﬁﬁmﬁwmﬂ'lwi],jﬁtjﬂ‘luﬁuﬂnﬁﬁwﬂwm wazidunsrualngdudu
raTEe SRUTY LR Ussun sedeze 13 uanﬂuﬁuﬁwqﬂﬁ:’mm goaas 15 ﬁljaag'l.u gunafesivg
dunawdunTniesd dunavzenn dunawilns dwnetoufiyad SwminuaTaisssune uat dunanIuTyl
ﬁawﬁmﬁmqamﬂﬁﬁﬁlﬁmmﬁﬂHuu“i‘nmﬂﬂwqﬂmm%a pzilenaunntias b 93 lawn Tushadaunuaiiug -
BWIEY WAEIREUNTNY AN - AniAy dwelE b TaedinandduhoidaiRusadliAuluiiuiiong
anaudaunnd ylatlonadsuialilvivmggs wezsnaidnadallnitwianaets wui saadoud
fimaialluitn As drafoufiviaufisiuenou Tnalud wa oeve WalWlnidwsruade raiiamane
Tu ﬂﬁwﬁlﬁ%’um’lmﬁammfluu'immn"ﬁaﬂiawqmﬁuﬁ' & gune dwaliszmmilufiuflefusanszny
Wudurunn Seildvszemusasmizsnuluiufivefuuinsduwans Wedaomdaiufisingna da
ﬁmimwarrl'a'ﬂﬁﬁ'ﬁmiﬂuﬁmaﬁ’mmﬁa*r';"m"fﬂwqmmﬂ%a %230 WA, odole - bdba WUTT #7110
UiiRmsunmshai ssazUzavarudidufioiioea: eo WelvmriiRnmesuvatadvszAvinm
uazyszAvidnaunniign aﬂuﬁ'ﬂﬁﬁaa.jal,ﬁuﬂWiﬁﬂmﬁ’nwquﬁﬂi:mﬁ FudsmagnfoineAfananasa
NTILAASIHY uﬂzﬁﬂwwqﬁm"mm'ﬂ.ﬁﬂmmduu’%nmﬁuﬁ'ﬂﬁwqmmﬂ%a tﬁaﬁmmgﬂwumiﬁwﬂﬂﬁmi
ﬂwma'ﬁ'wmwﬁu‘l.uu%mmﬁuﬁﬂ’mqmum%Nﬂﬁi’ﬂlﬂi’l*ﬁ' & IndnwdnevunivssivAkasdudinig
Emﬁaﬁwmﬁ"ﬁﬁﬂ'ﬁﬂﬂ&iamﬂﬁﬂmwuu wasdnwdnwusngi nssumnfinssdiuinuiuidne Tao
PoyalATinTIvenAvesan e ituatmuy farings ’IE{]‘EE’I‘I..L D WAL ol - odoe Tutaa
onl.oo - est.oo U. mwumﬁu & 39787 kazyim :';Lﬂ'ﬂuﬂﬂ’rmnm:mﬂmﬂmnﬁmmwﬂumma Radar
Climatology Analysis FIR @ nud1 Waniuid rrmnmnaummmﬂmmmﬂLﬂaummw - WauduTIAY
LAZHULINLUSEIIA] emoo - ectoo U ‘I'_'|{ﬁ!‘l.l‘l.ld"l‘l.nilEI‘L.IDgﬁm’l&ﬂ’l‘iﬂﬂmuﬂﬁ'ﬁlLﬂiﬂmﬂﬂuﬂﬂmﬂﬂﬂﬂﬂ’lﬂ’lﬁ
Fuvy Wermunnusdeultlunstufoimsdunasasyinstudfianrmassunudauly Wialils

suwumsiufiFnmsumasivmzauuinaiuiidmaaiwiall

et es T
Tumal BT 550 10.00 10,00-13.00 1100 18 B 18601 000

U i Faw mazaTiasd

m('.

M -n=
| Bt
wounen | 35a3 | - #} E::::
10 - 800

| EL BT

1

Al = I.L?N'ﬁﬁmusmﬂm%'nﬁuﬁﬁ#ﬂfﬁﬁnw (s3#iU &,000 - mo,000 W)
wrzmndnaistensusiubuidi#aunaeTE Radar Climatology Analyss lufeumguaten O no wdve - weoe

SIS e

[y

ASUGUHAIOUA-AISINAL0S



Development of Site-Specific Royal Rainmaking Technigues : A Case Study of
Khuan Khreng Swamp Forest, Nakhon Si Thammarat Province

Khuan Khreng Swamp Forest is the largest wetland in the Songkhla Lake Basin. The total area
was approximately 195,545 rai and a peat area was about 86,%42 rai, located in Chian Yai, Chaloem
Phra Kiat, Cha-uat, Hua 5ai, and Ron Phibun districts, Nakhon 5 Thammarat province and Khuan
Khanun district, Phat Thalung province. According to the rainfall statistics in Khuan Khreng Swamp
Forest, there are 2 periods of low rainfall that are during February to April and July to August. The
above-surface and sub-surface water levels in the swamp forest area decreases almost every year
causing a high risk of swamp forest fire. The statistics of Khuan Khreng Swamp Forest fire showed
that forest fires occurred from March to September. In 2019, there was a fire in Khuan Khreng Swamp
Forest for several days, affecting many people in the area. As a result, people and related agencies
in the area requested for the Royal Rain services. The Royal Rainmaking operation during 201%-2021
was successful only 40 percent of the total Royal Rainmaking operations. Therefore, this research
focuses on the study of topographical and meteorclogical variables, influencing rain cloud formation,
the behaviour of rain cloud formation, in order to develop the appropriate model of the Royal
Rainmaking operation for increasing the efficiency of Royal Rainmaking operation. In the first year, the
study on topographical and metecrological wvariables influgncing rain cloud formation, and the
behaviour of rain cloud formation in the study area were conducted by using weather radar data
from Phanom radar station, Surat Thani province during 201% - 2021 for the period of 7:.00 AM to T:00
PM. The data was divided into 4 periods and analysed the recurrence frequency of the rain clouds
by Radar Climatology Analysis method. It was found that the clouds in the study area began to recur
from April to December and had high recurrence frequency during 1:00 PM - 7:00 PM. Currently, this
research is in the process of collecting and analysing the upper air sounding data to determine the
criteria and test the flight operation in order to develop the suitable model of the Royal Rainmaking

operation for the Khuan Khreng Swamp Forest.
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Development of Cloud Seeding Mechanics on Aircraft for Royal Rainmaking
Operation

Royal Rainmaking operation in Thailand mainly uses aircraft to disperse seeding substances
owver the target cloud. However, most seeding substances with hygroscopic properties usually cet
stick in seeding funnel, while exposing to humid environment, and it affected the efficiency of seeding
flow rate. Marecover, to disperse the seeding substances manually, the consistency of seeding flow
rate depends on personnel experience. Therefore, semi-automatic seeding mechanics on aircraft is
developed to solve the problems. The objective of the project is to develop the seeding mechanics
on aircraft to control seeding flow rate and reduce the dispersion of seeding substances in aircraft
without harming the crew. A concept of the seeding machine was to disperse substances without
consuming power from the aircraft engine in order to avoid the disturbance of aircraft avionics
instrument. The 3-year project (2021 - 2023) to develop seeding mechanics consists of 3 main
activities. The first one is the development of a ground-based tunnel to simulate the Royal
Rainmaking operation circumstance for testing the seeding mechanics. The tunnel will generate air
speed with relative humidity, temperature and pressure in order to simulate the dispersion of the
substances with flow speed and air pressure gauge. The primary test of funnel was satisfied as the
flow speed met the criteria. An ejector has been designed to install in the seeding funnel, using air
flow from aircraft motion to spread seeding substances. The suction of air flow will pull seeding
substances from a storage through the funnel. In addition, the second activity focuses on the
development of the process of seeding substances preparation to load in the aircraft. There are 3
types of packaging has been carried on for testing in the future. The third activity is the test flight of

the Royal Rainmaking operation with the application of seeding mechanics.
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Determination of Crop Water Requirement by Remote Sensing Data and
Meteorology Information Case study: North-eastern Region, Thailand

DRRAA has been developing a crop water reguirement map since 2017 to determine
the water need for fruits and 4 major crops consisting of rice, comn, cassava and sugarcane. The
study indicates that the crop water requirement is computed by feeding the computed Crop
Evapotranspiration (ET) values together with Effective Rainfall (RE) to estimate the crop water
requirement per unit time and display spatial information on Geographic Information System
(GIS). However, to develop a more accurate system for crop water requirement determination,
the processed data need to be analysed with new related layers of information i.e., remote
sensing data and meteorology information. The satellite images obtained by remote sensing

were integrated in the system together with meteorology information for trackine and
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monitoring dry areas comparing with the actual situation and developing more accurate and
detail information. The layers of information help developing more accurate information and
details in order to support the daily operation planning aiming to further increase DRRAA’s

rainmaking cperation efficiency.
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Research on Analysis Cloud Seeding Potential Area from NWP Data Case Study:
Eastern Thailand

Upper air observation data is one of the key datasets for weather monitoring to plan and
make decisions for daily rainmaking operations, a process that is critical and affects the success of
rainmaking operations. Numerical weather prediction is now broadly used and widely accepted.
Forecast results are obtained with high-resolution temporal and spatial frequencies. The forecast
results covering all day and area across Thailand consisted of basic meteorological variables namely
pressure, temperature, relative humidity, wind direction, and wind speed, which would be used to
calculate the stability indices to analyse weather conditions, probability of clouds development, or
thunderstorms. In the fiscal year 2022, the project has continually developed a program to analyse
the meteorology parameters, namely LI (Lifted Index), Sl (Showalter Index), Kl (K Index), TTI (Total
Totals index), SWI (SWEAT Index), CAPE (Convective Available Potential Energy), CIN (Convective
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Inhibition), PW (Precipitable Water), SRH (5torm Relative Helicity), Shear (Bulk Shear), LCL (Lifted
Condensation Level), LFC (Level of Free Convection), EL (Equilibrium Level), CCL (Convective
Condensation Level), TC (Conwvective Temperature), FZL (Freezing Level), WLD (Warm Layer Depth),
andthe average of temperature, relative humidity, wind direction, and wind speed which related to
height range as follows: 1) from surface to 5000 ft 2) from surface to 10,000 ft 3) from 5,000 to 10,000
ft 4) from 10,000 to 15,000 ft 5) from 15,000 to 20,000 ft. After that, the forecast indices data were
paired with the radar composite data, then radar reflectivity rance was classified into three categories.

As a resuUlt, it was an input data for training with supervised machine learning algorithms in the next step.
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Indices Interpolation Between DRRAA's Upper Air Sounding Station

The ohjective of this project is to study the relationship between Microwave Radiometer Profilers
(MWRPs) and upper air radiosonde data and to find the appropriate weather indices including 1. Lifted
Index (LI), 2. Showalter Index (SI), and 3. K Index (KI) among 5 DRRAA’s Radar Stations. Regarding to research
method, in the first step, the sounding data of MWRPs and upper air radiosondes were compared at the
same perod and altitude,so the result of the error comection was calculated by using the mean difference
(MD) of temperature and relative humidity data with K-fold CV. In the next step, the weather indices maps
were created from MWRPs with error correction. Three spatial estimation methods were used: 1. Inverse
Distance Weighting (IDW), 2. Kriging, and 3. Spline. For the last step, the assessment of the effectiveness
of the three weather index estimations was conducted by comparing them with weather data obtained
from aircraft, equipped with cloud physics measurements. The results of MWRPs emor correction showed
that the root mean square error (RMSE) was reduced because the MD was close to zero, so the MWRPs
data had more accuracy. After having analysed spatial and 48 sounding data from aircraft, it was found
that the IDW method had the best fit and was followed by Kriging and Spline respectively.
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Hail Event Forecasting by Mathematical and Machine Learning Models

During summer of every year, thunderstorms cause sudden severe weather, heavy rain, gusty
winds, and hailstorm in the northem Thailand. Hailstorms often destroy crops, buildings, houses, and
peoples lives. In this work, we developed an Artificial Intellisence (Al) model for predicting potentially
dangerous hailstorn. Training data for developing the Al model are collected from Mar to May in 2019,
There were 30 hail events, Figure 1.1The model was installed in an automated notification pipeline, which
was a hailstormn waming system. The pipeline was written in the Python programming languacge. The pipeline
algorthm was designed to work with the computer which was connected to the radar database of S-bhand
dual-polarization radar, mounted at the Omkol mdar station of Department of Royal Rainmaking and
Agricultural Aviation. The working system of pipeline algonthm, Figure 1.2, besan with radar observation data
downloaded to a database every 6 minutes. The pipeline downloaded stomn charactenstics, exacted by
TITAM after the data was found. The storm characternistics were analysed by the ML model for detecting
severs hailstorms. For the detected case, the storm location was specified, and then an alert would be
trigeered. If not, the pipeline would continue to search for the next radar observation, which has been
submitted to the database. The pipeline automatically continued until the operation terminated. The radar
scanned every 6 minutes and covered 240 ldlometres of 10 provinces in the northemn Thailand. Every storm
observed by radar was analysed by the Al model. After the storm observation were transferrad to the
database, the pipeline would extract characteristics from the storm. When a severe hailstorm was detected,
the message was sent with the storm location, prediction of hailstorm potential, and time series. If the radar
was intermupted cause obsenvations could not produce for 30 minutes, the pipeline would stop and send
the information. Alerting messages were sent by the pyline-notify Python lbrary as notification messages to
Line application. This research project has taken one year (2020) and has been conducted completely.

ANHUAL REFORT 2022

DEPARTRENT OF BOFAL RIARMAKING uc
ARD EGRICULTURAL BVIATION



— = [ _ - - - e
oo, [FIS'JFI"ISﬁﬂH‘TOSFI"IEIFILIEFII:I"IH"ISE]LIHEDGEIEH[WGIWUUS:ﬁI’IEﬂ"lHFI"ISLl.ﬂUEIﬂ"lEEJUHHUG
mIfneTIEmMaivinsasuwane GeWadfiuUsdniammauiidntsdummadunisfinw
naadthilumafivinemseFendiue deauitgwinsdudimiunioureseniades wieunszuiunisun
Tgnusmbanldleiuiutiazaumaiuineiluszezoamil wasilinsufiinissduvaisiivsz@ninim
- -:I | [T =l - - - - e -
u1nd i lassmantsAneiinaivinmasuangiod afivdszdnnmmsu fuRinisluvanad
srpznmAiung e U lnefinguszasdifiafiuysz@vinmnsufdinasunais lnensdnsas oy
nsdudaimnzadwivimlslunafvinwaseiendun Wedaegasedulndmmuaudiing
aeatkazriifivanzaudmiuvmsuiidnisiusanauiloundauaiudl laglud v eese insvaaau
wr - ' e . - - = W LT e
numanwiveGousazive (Lang, nzeine, Sundds, et waztiull) friunszurumsuauaa@slaly
ey o 2 g - - -
nrUfuEnisuvans laun nrmagaunsnaefifiudanudiuteswns nwasaunnudsuudaaungdl
rasenadianzanenn uazn medaumMIeiduRaIUATLNTIToY INMITARBUNUTIATIBGBTiUR
wr . - e s £ o 4 = - . - . - e
uivewsnzdve dAnlafdivdanuiivrashilasndafe ook Alalerawariisrannunideataie
WA 19.6°C Ardmanantdeuwdasvesaungiieieds 0.85°C warAwaiWudanTiunzuniasount

Tutiannnin gee lulanuns yinsdnsuarinTieinuandfians anticaking oty IIGEHTE Bl
unuaneluvaalfiims Wadmdonas anticaking vnzay TnasnmsAnemuindaueud@lunns
azanatilfidntaednhunana ﬂﬂﬂ‘ﬂ&lﬁulﬁﬁ uazldluswnruoaiiudaulug) WiieRnsnauuay
Sn31enild (m3il @) TInmaAnRmETRA Calcium silicate waz Calcium stearate ansavhanladu
anticaking 7irdy fugdeunsails danvasiiunsdvnlauminessumdladuansisafunsivdaduiouly

amnsuazinie gadudilaf vilullrwduih wasdrnuanananazanesiei

03s

030

023

b "ISJﬂ'U

ol 4

Hang fszATY wEmie FE0T Fauldi

St

Al & seanmszavmmazsuamnefiiudaafureesuuurssine

SIS e

a9

ASUGUHAIOUA-AISINAL0S



0Bes - -
[ 1 I
e e nEs =
S 105 r 1 g a5 FH 2 I
5 na — 13 T | o G 1 EH
1] e | (| - T [
" Eu FE [ T e §E H L
om | 1] bg T2 R B4 L
- B ! & s | H
lg 4 B t } g) LES L . L
| T [ iH I I
+ i = 11 r
s 'r_ i FT r a5 -t ! |
5 1T I ! al s e I I
H¥l] ATERa uniaiy JaoE Tolildl wanyg e i o Sl
s .
il Tiviadn
. . oL .
il b semreesauaTRUE e seanmsivesE il surssEnedessmmh
- = L w = =
{#nn) mesrusgamad ([@77) sRTmTlFrulsmegamad
1 -
wm
m
am i ey [ Dorsdre o ol [ Bl =7 B iodlal
E m
wm J
£ o
F
xm;
-
M 4
10
, I

Eoi] =2 >80 ERF-] > T =3 <3
TRzt [jam)

o - - . . - P
Al @ seraTagaUATTE I.‘IJEIiL&'.JHET"ITH"'I‘I..I.’FE I.ﬁ‘EﬁEl'l.I’i‘.IEI-!ﬂ"rE%LT‘JI.L’FFS"J'ﬂ‘EI

A19°97 @ #13 anticaking FansnauaEsuasERTdETuRAlHlunTTNaL

Anti-caking/ SR TIEH TR

Drying agent
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Calcium silicate geometric mixing 100 i
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Preservation of Urea Powder for Effective Royal Rainmaking Operation

The objective of this study is to find a new storage method for preserving urea after
having been grinded to solve the problem of urea coagulation. This brings to increase the
effectiveness of roval rainmaking operations. In 2022, each brand of urea product, used for
Royal Rainmaking operation was physically tested to study moisture percentace, dissolved
temperature change and percentage of urea after having been sieved. The test result of every
brand showed that the mean percentage of moisture content was 0.26%, the mean difference
of the dissolved temperature was 19.6 °C, the mean temperature change rate was 0.85 °C, and
the percentage of substance that passed through a sieve was in the range of greater than 425
pm. The anticaking properties were studied and analysed in laboratory to select suitable
anticaking agents that will be used to mix with urea powder. Based on the study, Calcium
Silicate and Calcium Stearate can be used as an anticaking. With white powder derived from
nature, they can absorb water, contain low humidity and has low water solubility, so they are

also applied to use as an anti-caking agent in food.
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Study of Natural Substance for Cold Cloud Seeding

The objective of this study is to select ice nudleating particle (INF) form natural material for
cold cloud seeding by Royal Rainmaking Technology. In 2022, the interaction of the ice nucleating
particle properties of silver iodide and nine natural materials, namely K-Feldspar, kK-Feldspar treated
by separating impurities (KF200 and KF100), bentonite clay, White Clay, White Clay from Lampang
province, White Clay from Marathiwat province, White Clay from Ranong province and White Clay
from Uttaradit province, was studied by using Differential Scanning Calorimetry technique (DSC). The
crystallization of water droplets was also studied with Frozen Fraction Chamber at the laboratory
level, together with the test the ice nudeating induction effidency. Thence, the ignition performance of
flare form matural materials was conducted at the ground level test.

The study of the ice nucleating particle properties of silver iodide and 9 natural materials
using Differential Scanning Calorimetry (DSC) technigque revealed that KF200 mineral was capable of
forming ice nucleus at higher temperatures than other materials. The temperature was -6.68 degrees
Celsius. And KF200 was able to induce ice crystals which was close to silver iodide reaction.
Therefore, KF200 was selected as a natural material for cold cloud seeding.

The packaging form of KF200 mineral for cold cloud seeding was divided into 2 types;
gjectable flare and ejectable substance. The pure KF200 could not be burnt in the form of gjectable
flare. Therefore, it would be mixed with silver iodide. The ratio of silver iodide: KF200 was 20:10,
T5:25, 50:50, 25:75 and 10:90 of which the ice nucleating formation was proved efficient. For gjectable
substance, it was a kind of ignition that allowed natural materials to explode in powder form without
buming. Its packaging form did not reguire mixing with silver iodide.

The test of ground performance showed that the gjectable flare was gjected 100% but
ignited and burnt only 80% which was less than the silver iodide flare efficiency. Therefore,
it was not appropriate to test gjectable flare in the next step. While the gjectable substance was
gjected 100% and had equivalent volumetric 1.34 cubic meters per second. Hence, gjectable

substance was suitable to test the efficiency at the field tests in the following phase.
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Application of Unmanned Air Target Drone for Warm-cloud Hyeroscopic Seeding

Timing is very important for rain enhancement efficiency otherwise the cloud may
dissipate and become unsuitable for seeding. The Department of Royal Rainmaking and
Agricultural Aviation had cooperated a project with the Royal Thai Air Force to invent
unmanned aerial target aircraft attached with hyeroscopic flares used in the fattening process
of cloud seeding. The objective of the project was to develop unmanned aerial target aircraft
for warm cloud seeding. The development process of the unmanned aerial target aircraft and
its catapult launcher included: 1. designed the unmanned aircraft and its launcher; 2. built the
model of the unmanned aircraft and its launcher; 3. built the airframe, recovery parachute
systemn, engine installation, and flight control system of the unmanned aircraft; 4. performed
ground test; 5. performed flight test; and 6. performed warm cloud operation test. The

outcome of the project was an unmanned aerial target aircraft prototype made of carbon fibre.
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For the aircraft dimension, the length is 2.7 m., the wingspan is 2.23 m., and the height is 0.77m.
The aircraft weight is 30 ke. and the weight with load is 50 ke. The encgine volume is 170 cc,,
18 hp., with 9 litres. For the operation, the aircraft endurance is 1.5 hours,, range is 30 km.,
maximum ceiling is 3.1 km., maximurm speed is 200 km./hrs., and operational speed is 160
km./hrs. The unmanned aircraft capable of having hygroscopic flares attached below the wings,
3 flares each wing, totally 6 flares. The unmanned aircraft uses catapult launcher for take-off
and recovery parachute for landing which, in tum, bypasses the waiting time for airspace
request approval from crowded airports. The unmanned aircraft can be transported by ground
vehicle to wait for the targeted clouds at a specific location within an operational radius of 30

k. that can operate in the fattening step like the operation of AU-23A aircraft.
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