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Message from Director-General
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Being appointed as the Director-General of the Department of Royal Rainmaking and Agricultural
Aviation (DRRAA) in the fiscal year 2021 which is the last year of my service, | take the opportunity to put
my utmost effort on development and carrying out the DRRAA’s missions to motivate DRRAA to be the
world’s leading organization of weather modification in accordance with Royal Rainmaking Technology
as stipulated in the DRRAA’s vision.

We are attempting to develop and adjust our organization to the changing situations and circumstances.
Referring to the impacts of climate change, eruptive technology, innovation and knowledge, as well as
the difficulties arising from COVID-19 pandemic; the people should adapt themselves and spend their lives
with new normal concept. In this situation, DRRAA has applied the Royal Rainmaking Technology created by
His Majesty King Bhumibol Aduyadej The Great to enhance rain for areas encountering drought and natural
disaster, and to increase reservoir inflow. DRRAA also integrates with concermed domestic and international
agencies to accelerate research and development for weather modification efficiency enhancement to help

people continuously.

UgaNSY  uavsova
asuUNASUWUKaoVULaAzNISUULAUNS
Mr. Samroeng Sangphuwong
Director-General of the Department
of Royal Rainmaking and Agricultural Aviation
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The Department of Royal Rainmaking and Agricultural Aviation (DRRAA) is the world’s leading
organization of weather modification in accordance with Royal Rainmaking Technology

developed by His Majesty King Bhumibol Adulyadej the Great by 2037

wusa9
Mission
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Management of atmospheric water to make an appropriate amount and distribution of rainfall
for the integrated development on agriculture, water resources management, forest conservation

and rehabilitation as well as natural disaster reduction.
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genAuazanizlaniou

Research and development of rainmaking technology to enhance efficiency on weather
modification and atmospheric water management for disaster reduction as the result of

weather divergence and climate changes.

. USN159AN15A1UN150UTUNATITAINISTAUL N15IVUATNAUINALUTAELAZA1ISNANTUNITNEAS

Administrating aviation for rainmaking, research and development as well as agricultural

activities.
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Strategic Issues
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“ Enhancement of weather Enhancement of aviation Development of public
Enhancement of efficiency of o . o .
modification efficiency. efficiency. administration system.

prevention and solution of

drought and disaster.
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Duties
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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.

. UfURnsvinely eriasSunaninluiuiinensns Uil was@awduinun uilunzdewdsiuninensns
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Royal Rainmaking operation to increase water in agricultural land, forests and reservoirs, and miticate

drought and natural disasters mitigation.

. ANWT AUAIN 338 waznaumalulaglurads wazn1saaudsaniwainid
Research and development of Royal Rainmaking technology and weather modification.
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Huvalsuazuianuiunens
Provision of aviation 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 Agriculture

and Cooperatives and the cabinet.
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Organization Chart
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Deputy Director-General

(Operational section)
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Royal Rainmaking

Operation Division
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Deputy Director-General
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Secretariat of
the Department
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Royal Rainmaking Operation Division
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Agricultural Aviation Administration Division
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Royal Development Project and Public Relations Division
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Research and Development of a Weather Modification Rocket System
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Research and Development of a Weather Modification Rocket System

The weather modification rocket is used for cold cloud rainmaking and hailstorm suppression. The
development of the first rocket prototype, namely “Mark-1" had been taken 3 years (2016 - 2019). The main
structure was made from aluminum material. Meanwhile, the “Mark-Il” prototype, made from carbon fiber,

was developed in the following year.
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The rocket can hold four Silver lodide flares (Agl) which contained totally 80 grams of Agl. In the
operation, Agl flares were ejected at the altitude of 18,000 - 21,000 feet. The ejecting radius was between
3.5 - 6.5 kilometers from the launching point. The operation included a safety system in which an umbrella
was installed to slow the rocket down while it was falling to the ground.

The experimental operations were conducted with the purpose of cold cloud rainmaking and hailstorm
suppression 6 times and 1 time respectively. The 4 variables which were volume, vertical integrated liquids
content (VIL), precipitation area and cold cloud duration were used to analyze physical aspect of cloud.

The experimental result of cold cloud rainmaking showed that after ejecting Agl, the cloud volume
was between 100 - 400 cu.km., VIL was about 20 ke¢/sgq.m., the precipitation area was between 25 - 50 sg.km.
and the cold cloud duration was 50 - 57 minutes, signifying the declination of cloud properties. The experimental
result of hail suppression showed that hail probability and cold cloud physical properties were constant
and began to decline remarkably after ejecting Agl for 6 minutes. There was not hailstorm hazard report

after testing in the targeted areas.
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Development of Rainfall Estimation and Nowcasting System using Weather Radar Data : Phase 3
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Development of Rainfall Estimation and Nowcasting System using Weather Radar Data : Phase 3

Rainfall estimation and nowcasting system; is a system that estimates the amount of rainfall from radar
reflectivity data. With widely accepted methods of rainfall estimation and forecast, it provides accurate and reliable
results. The aim of the system is to extend the capability of monitoring and predicting water situations, and to serve
the best available rainfall data to Hil’s Decision Support System in real time to support water management
of Thailand.

The main objective of the Phase 3 project is to expand the boundary area of the existing system
(Phase 2) to get rid of the blind areas, where are not covered by the permanent radar stations. These areas
are at the potential risk of heavy rains and floods. To achieve the goal, this project integrated the data from
mobile radar stations in the areas of Northern, Eastern, Central, Northeastern and Southern regions into the
system (Figure 1) and reviews the rainfall estimation of existing system to ensure accuracy and keep the
system up-to-date. The outcomes of this project can be summarized as follows.

1) Data quality analysis and correction of data discrepancies due to ground clutter and beam
blockage revealed that the reflectivity data of Omkoi, Phimai, Sattahip, Ban Phue, Rasi Salai, Pathio and
Takhli radars measured from the 2™ elevation angle (1.3°-1.5°), reflectivity data of Phanom Radar measured
from both 1% (0.5°) and 2™ (1.5°) elevation angles and reflectivity data of Rong Kwang measured from 4"
elevation angle (3.3°) are the optimal datasets for estimating rainfall.

2) The Z-R relationship was developed for estimating rainfall from radar reflectivity data. The appropriate
Z-R equation for each radar was: Z = 83R" for Omkoi radar, Z = 138R"¢ for Takhli radar, Z = 78R" for Phimai
radar, Z = 170R"® for Sattahip radar, Z = 84R" for Phanom radar, Z = 62R" for Rong Kwang radar, Z = 196R"® for
Ban Phue radar, Z = 33R"® for Rasi Salai radar and Z = 39R"® for Pathio radar. These Z-R equations performed
more accurate than the existing Z-R equation of each radar station.

3) Dual polarization products from both Omkoi radar and Takli radar were analyzed with hailstorm
events to develop hail detection criteria. The results from case studies showed that the hail existed in the
coverage of Omkoi radar where Z > 60 dBZ and -0.2 dB < Zpz < 3.5 dB. On the other hand, the 61.50% of pixels
identified as hail could be detected in the coverage of Takli radar where 7 > 64 dBZ and -0.2 dB < Zyz < 3.5 dB.
Due to the limited number of the hail reports that could be used in this study, further studies should be
conducted.

4) A real-time system which manipulated the data from different sources was developed to estimate
1 - 3 hours rainfall. The empirical method acquired in the project was applied for rainfall estimation from
radar reflectivity data. The Centroid Tracking technique was selected for rainfall extrapolation. Its average
accuracy of 1 - 3 hours extrapolation was 70%. The products from the system were grid-based rainfall

intensity data which had a spatial resolution of 1x1 sg.km. and a temporal resolution of 6 min. as shown in

Figure 2.
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Development of a short-range forecast model for supporting Royal Rainmaking operation and water management
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Development of a short-range forecast model for supporting Royal Rainmaking operation and water

management

In order to forecast upper air (air temperature, relative humidity, wind speed, and wind direction)
using a short-term weather forecasting model (Weather Research and Forecasting, WRF), the cumulus
parameterization must be specified. This paper evaluates the performance of three cumulus parameterizatio
n schemes: Betts-Miller-Janjic Scheme (BMJ), Grell 3D Ensemble Scheme (G3), and Non-Cumulus Scheme
when used with a WRF model at resolution 3 x 3 kilometers to forecast upper air over Thailand during
Tropical Storm SONCA on 26-28 July 2017. The upper air forecasts are compared to radiosonde observations
of upper air conditions collected from 4 stations by the Department of Royal Rainmaking and Agricultural
Aviation at air pressure of 1,000 — 100 Hectopascal (hPa), 00 UTC. The accuracy of the forecast is measured
by Pearson correlation coefficient and root mean square error (RMSE). The results from the statistical
analysis of the upper air forecasts from WRF model using 3 different cumulus parameterization schemes
indicated that based on Pearson correlation coefficient and RMSE, G3 Scheme was the best for air
temperature, and relative humidity forecasts, whereas the Non-Cumulus Scheme was most suitable for

wind speed, and wind direction variables giving forecasts closest to observational data.
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Performance improvement and Risk Reduction in Water Management of Phetchaburi River Basin using Royal
Rainmaking
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Performance improvement and Risk Reduction in Water Management of Phetchaburi

River Basin using Royal Rainmaking

Phetchaburi River Basin frequently faces water scarcity, especially in a rainfed area. This project
aims to assess and resolve the water scarcity by the Royal Rainmaking operation. It contains four sub - projects
according to the purpose of each project. The first project is “Assessment of Royal Rainmaking Performance
with Ground-based Rainfall in Phetchaburi River Basin”. The purpose of this project is to compare rain data
from weather radar and local rain gauge. The data are compared by Inverse Distance Weighting (IDW) technique.

The correlation coefficient between the corresponding values of weather radar and local rain gauge data of
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0.21, which increased to 0.54 with the addition of four rain gauge stations. The second project is “Drought
Condition Analysis of Phetchaburi River Basin”. This project estimates and assesses water scarcity areas based on
three related models, Soil and Water Assessment Tool (SWAT), The Distributed Water Circulation Model
incorporating Agricultural Water Use (DWCM - AgWU), and MIKE-BASIN. Those models process observation
data from tree sources, weather radar, rain gauge stations, Japan Aerospace Exploration Agency (JAXA). The
result shows that the optimal Temperature Vegetation Dryness Index (TVDI) for the Royal Rainmaking
operation of 0.67. The third project is “Performance Assessment of Royal Rainmaking for Reducing Water
Shortage”. This project researches and studies the factors that increase the efficiency of the Royal Rainmaking
operation in the area. The studies released that the irrigation in the areas affected by five factors, the amount
of runoff flowing into the reservoir by the Royal Rainmaking Operations, the amount of rain that helps
agriculture, the water volume in the reservoir at the end of the rainy season, the reservoir’s water at the
end of the dry season, and the amount of rainfall used to sustain the ecosystem. The operation efficiency
relates to water vapor, wind speed, and humanity. An average Water Footprint Assessment is carried out for
the Phetchaburi River Basin of 0.1 cu.m./cu.m. The cost per unit of water obtained is less than 0.005 baht
per cubic meter. The last project is “Development of Royal Rainmaking Decision Support Systems for Water
Planning and Management in Phetchaburi River Basin”. This project aims to develop a decision support
system that analyzes data from three sources, climatology, water demand in the area, and the Royal
Rainmaking operation target area. The system is designed for operation support as a visual geography map,

Fonluang Geo-Map Online.
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Research and Development of Spatial Information System for Supporting the Royal Rainmaking Operation
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Research and Development of Spatial Information System for Supporting the Royal Rainmaking

Operation

A spatial information system is the Royal Rainmaking operation decision support system for estimating
the water demand in irrigation and agricultural areas, which collected data from satellite observations.
Three layers of information: soil moisture, evapotranspiration, and land water mask data, were composed
by the system. The soil moisture was derived from the NASA Soil Moisture Active Passive (SMAP) mission
with Level-4 Soil Moisture (L.4_SM) providing 3-hourly time resolution. The evapotranspiration and land
water mask were observed by the Terra satellite’s Instrument, Moderate Resolution Imaging Spectroradiometer
(MODIS). The evapotranspiration was an 8-day composite product produced at 500-meter pixel resolution.
The land water mask data provides surface water at 250 meters (m) spatial resolution; which was available
annually from 2001 to 2015. The three-layer information were overlayed in the spatial information system
to generate the field determination of water demand displaying on a geographic map. Currently, the system

is being developed to be an available automated service on the internet.
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Study of Cloud Physics Process of Triggering Cloud Formation
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Study of Cloud Physics Process of Triggering Cloud Formation

The study was conducted during 2020-2021 to investigate suitable weather conditions for cloud
formation in triggering stage of Royal Rainmaking Technology. The initial suitable condition—for applying
Triggering step was the clear sky or partial cloud covering the sky with cloud thickness less than 3,000 feet
and wind speed not over 20 knots. Meanwhile, a seeding pattern for this stage was the aircraft dispersing
NaCl powder above cloud condensation level (CCL) at least 1,000 feet perpendicular to the wind direction
to cover the target area.

The study observed the seeded cloud and natural cloud development in a seeding area and in
a control area. This study employed the airborne measurements to collect the data during 2020-2021, and
11 samples were selected to be analysed in both seeding and control areas. A preliminary result of the
experiment showed that after seeding the clouds, the cloud droplet developed better in term of size and
concentration comparing to ones in the control area. The maximum cloud droplet size in the seeding area

increased from 20 micron to 48 micron, while the size in control area increased from 22 micron to 28 micron.

S1NUUSHIU bi&be e
ANNUAL REPORT



Moreover, the droplet size and density between 1 -10 microns had apparently increased while there was not
significant difference in the control area. However, the study required more samples to identify the suitable

cloud formation conditions for triggering stage of Royal Rainmaking Technology.
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Development of Evaluation of Rain Area and Rain Volume from Royal Rainmaking Operation
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Development of Evaluation of Rain Area and Rain Volume from Royal Rainmaking Operation

The development of evaluation of Rain Area and Rain Volume from Royal Rainmaking operation
had been carried out for 3 years (2019 - 2021) to develop storm identification and tracking techniques,
rainfall area calibration, and evaluation of rain volume, resulted from the daily Royal Rainmaking operation.
In 2021, The coefficient was developed and used to estimate the amount of rainfall by the Royal Rainmaking
operations. The study was divided into three parts.

First, the estimation of rainfall performed by Royal Rainmaking operation, was conducted with a
comparison between the actual rain area measured by the research aircraft (Super King Air 350 : SKA) and
that by radar (R). There were 218 samples in total. 57 samples were collected in dry season and 161 samples
were collected in wet season. The data from both measurements were used to calculate the SKA/R ratio.

Second, the estimation of rain area and rain volume was conducted with a comparison between
seed (S) and non-seed (NS) areas to determine the S/NS ratio. This second study was divided into three cases.
The first case was carried out with 3 steps of Royal Rainmaking operation, which were Triggering, Fattening
and Attacking, from which 52 samples were collected. The second case was done with 2 steps which were
Fattening and Attacking from which 125 samples were collected. The third case was conducted with the
Attacking step from which 89 samples were collected.

Third, the comparison between the amount of rain (mm) measured by gauge (G) and that of by 5

S - band radar stations (R) was performed to improve the G/R ratio.
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Furthermore, Artificial Intelligence (Al) was used to develop storm identification and tracking. The
goal of this study was to develop a model that could learn and gain experience in classifying storms based
on CAPPI radar images. The result showed that the accuracy percentage was up to 91.10 and increased,
varying from the number of samples used for Al training.

Therefore, the statistical data will be collected and analyzed for developing and improving coefficients,
i.e., the SKA/R ratio, the S/NS ratio, and the G/R ratio, aiming at rainfall estimation. Meanwhile, the study on
boundary characteristics of the storm aims to develop Al for identifying and tracking the storm. This allows
the Al to detect the storm more effectively and the increase of the samples help training Al for accurate
classification. Moreover, the development of storm tracking system with the method of the rain intensity

identification will be carried on in 2022.
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Study of Natural Substance for Cold Cloud Seeding
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Study of Natural Substance for Cold Cloud Seeding

The purposes of the study were to investigate the physical and chemical properties of natural ice
nuclei, to develop ejectable natural ice nuclei flares for cold cloud seeding, and to compare the efficiency
of natural ice nuclei flares and silver iodide flares (Agl). In 2021, the physical and chemical properties of
eight samples, i.e., K-feldspar, KF-100, Bentonite, white clay, Lampang white clay, Ranong white clay, Uttaradit
white clay, and Narathiwat white clay, were analyzed. Moreover, a number of particles, particle size, and

flame temperature of Agl flare were examined.

The result of the study demonstrated the physical and chemical properties of natural ice nuclei
found as silicon dioxide (SiO,) and aluminum oxide (A,O,). The ice nucleation analysis of 8 samples with
Differential Scanning Calorimetry (DSC) showed that the ice nucleation temperature of Lampang white clay,
white clay, Bentonite, KF-100, K-feldspar and Narathiwat white clay was arranged from low to high respectively.

Meanwhile, Ranong and Uttaradit white clays did not have any significant result.
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Refer to the Ice nucleation of 8 samples, KF-100, K-feldspar and Narathiwat white clay were performed
to be Ice nucleation at same temperature as Agl. The physical properties (color, conductivity, pH, and heavy
metal content) and chemical properties (cation, anion, and total dissolved solids) of KF-100, K-feldspar and
Narathiwat white clay were investigated, while the samples were immersed in water around 0-5 days to

analyze the quality of water.

According to the study on the number of particles, particle size, and flame temperature of Agl flare,
the Agl particle size of 800 nm was found the most. The number of particles was 6.27x10" ¢'/Agl at an
environmental temperature of 30.94 °C with humidity of 64.45%. Air pressure was defined at 1012.5 mbar

and flame temperature of Agl flare was an average of 433.4 °
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Area base rainmaking Evaluation from Weather Radar Data
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Area base rainmaking Evaluation from Weather Radar Data

The study aimed to evaluate Royal Rainmaking operation result by DRRAA S-band and C-band radar
data, and to show the result in data layer displaying on Map Server. S-band radar data is collected from 5 fixed
radar stations, namely Omkoi, Takhli, Phimai, Sattahip and Phanom, while C-band radar data is collected
from 5 mobile radar stations, namely Ban Phue, Pathio, Rong Kwang, Rasi Salai, and Sing-ha Nakhon. The scope
of the study is divided into 2 parts: (1) to develop a weather radar data network linked data from 10 radar
stations every 6 minutes and entered into an analysis system to organize data for displaying on Geographic
Information System (GIS), and (2) to analyze data from 10 radar stations and display on GIS automatically.
The study is in the process of processing and analysis data, bringing rain intensity data and rain volume
collected by weather radars for displaying the amount of rainfall in district areas through GIS.
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Research on Analysis Cloud Seeding Potential Area from NWP Data Case Study: Eastern Thailand
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Research on Analysis Cloud Seeding Potential Area fromm NWP Data Case Study : Eastern Thailand

Upper air observation data is one of the key datasets for weather monitoring to plan and make
decisions about 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 temporal and spatial resolution. 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 analyze weather

conditions, probability of clouds development, or thunderstorms.
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In fiscal year 2021, the research project collected data from 1st March to 31st October 2021, which
consisted of five variables: pressure, temperature, relative humidity, wind direction, and wind speed in the
number of 15 periods per day. The model's performance was analyzed by comparing with the radio sonde
sounding from 5 Royal Rain Radar Stations, including Omkoi, Takhli, Phimai, Sattahip and Phanom. It was
found that the temperature from the forecast had a high correlation (0.99) across all stations, with an average
RMSE is 0.86 in the morning (07.00 - 11.00) and 1.04 in the afternoon (12.00 - 16.00). Next, the relative humidity,
wind direction and wind speed in the morning had a high correlation that was greater than +-0.7 except for
the wind direction and wind speed at Phanom which had relative humidity values of 0.68 and 0.66, respectively.
In the afternoon, there was a decrease in relative humidity, especially relative humidity at Sattahip and
Phanom station. Both stations were equal at 0.52, which is the moderate correlation. Then, calculating the
meteorological parameters, such as LI (Lifted Index), SI (Showalter Index), KI (K Index), CAPE (Convective
Available Potential Energy), CIN (Convective Inhibition), PW (Precipitable Water), average temperature, relative
humidity, wind direction, and wind speed. These were divided by 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.
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Development of Site-specific Royal Rainmaking Techniques A Case Study of Tak, Sukhothai and Uttaradit
Provinces
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Development of Site-specific Royal Rainmaking Techniques A Case Study of Tak, Sukhothai

and Uttaradit Provinces

This study aim to (1) analysis the influence of meteorological and topography characteristics to the
rain-storm behaviors of study area and (2) develop site-specific royal rainmaking techniques in drought risk
area of Tak, Sukhothai and Uttaradit provinces. The analysis of rainfall data between 2015 - 2020 was found
that an average annual rainfall in the study area was 880 mm (413 -1,486 mm). Most of the rain-gauge stations
having the highest monthly cumulative rainfall in August. Except in the southwest monsoon rain shadow
area in Ban Tak, Mueang Tak, Sam Ngao, Kong Krailat, Khiri Mat, Nam Pat and Mueang Uttaradit districts,
there have the highest monthly rainfall during September-October. Climatology analysis by using weather
radar data (Omkoi royal rainmaking weather radar station, Chiangmai province) found that the most of the
rain storm in the study area showed high recurrence frequency in 01:00-07:00 pm. The result of rain-storm
behaviors analysis will be analyzed with the upper air data and previous rainmaking operation statistics to

determine the appropriate rainmaking operating model for drought risk area in the next phase.
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Development of Site-specific Royal Rainmaking Techniques: A Case Study of Payao and Chiangrai Provinces
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Development of Site-specific Royal Rainmaking Techniques: A Case Study of Payao and

Chiangrai Provinces

The drought problem in Payao and Chiangrai Provinces especially occur in rainy season which extremely
affects agricultural activities. Previous Rainmaking operations in 2015 - 2020 reveal successful operations rate with
83 % in Payao Province and 53 % in Chiangrai Province. Increasing the rate and mitigating the drought effects
with Rainmaking operations is necessary to study and develop Site-specific Rainmaking operating techniques.
Firstly, the study needs to know changing of meteorological characteristics, environmental conditions and
features of topography that influence the occurrence of rain clouds. Then analysis and development an
appropriate Rainmaking technique will be considered in the study area. In 2021 the study is conducted to
explain the behavior of rain clouds from the Chiangrai meteorological radar data. And understand regional
climate characteristics with the influential weather index that influence precipitation in the target area. Design of
Rainmaking techniques and commencement of testing operations will start in 2022. Finally, all data will be

collected and analyzed to summarize the Site-specific Royal Rainmaking Techniques for the drought areas.
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This research has collected spatial data in the study area, namely topography, landuse, requesting
Rainmaking service including regional weather characteristics and weather index that influence precipitation.
Preparation of Royal Rainmaking operations database in 2018-2020 has been completed. Now the research
is in the process of meteorological radar data processing to study the behavior of rain clouds and the distribution
of rain in the study area. Including analysis and summarizing results according to the objectives of the first-

year research.
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Development of Site - specific Royal Rainmaking Techniques: A Case Study of Phichit and Phetchabun Provinces
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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 repeatedly drought have been the major crucial issue in Phichit and
Phetchabun 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 drought
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 geography 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 implant Thai industrial crops such as rice maize cassava, and sugarcane in
non-irrigated areas and watershed area.

In the first year, the research had studied the variants of geography 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.

This study has encountered many problems and obstacles due to the COVID-19 pandemic, for
instance, the delay in gathering data.

Currently, this research is implementing an analytical process on spatial rain cloud formation, compared
with the environment, wind direction, and the effects of geography, to determine the aviation criteria and

eventually develop proper rain making method in Phichit and Phetchabun provinces, Thailand.
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Development of Site - specific Royal Rainmaking Techniquesb : A Case Study of Phatthana Nikhom Lopburi
province
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Development of Site-specific Royal Rainmaking Techniquesb: A Case Study of Phatthana

Nikhom Lopburi province

This research is the study and development of the technique of performing royal rains in the
Phatthana Nikhom district. Lopburi To increase efficiency in operating the royal rain in the area to help
farmers and sustainable water needs. In 2021, the topographic data were studied meteorological characteristics,
the occurrence of clouds in the area, and weather results of the upper-level weather from the Takhli Radar
Station, Nakhon Sawan province, it was found that it was the old lagoon area. Caused by the deposition of
river sediments that have been deposited for a long time If it is a low-level waterfront terrace with a slope
of 1 percent, most are rice fields. The high estuary fields with a slope of 2-8 percent are sugarcane, corn,
and cassava plants. As for requests for royal rain services in 2019, there were 53 times, in 2020, there were
59 times, and in 2021, there were 58 times, respectively. As for the operations in the area, it was found that
in 2018, there were 52 days, and in 2019, there were 53 days. And in 2020, there are 59 days. As for the weather
factors from the results of the upper-level weather from the Takhli Radar Station, Nakhon Sawan province,
it was found that during the summer, the factors affecting the operation of the royal rain were humidity and
air mass uplift index. Both upper and lower levels In the rainy season, the air mass uplift index at both the

upper and lower levels is an important factor in the decision-making of operations.
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Development of Site-specific Royal Rainmaking Techniquesb : A Case Study Kanchanaburi province
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Development of Site-specific Royal Rainmaking Techniquesb : A Case Study Kanchanaburi

province

This research is to study and develop techniques for operating the Royal Rainmaking in Kanchanaburi
Province in order to increase the number of areas that benefit from the Royal Rainmaking Operations.
Meteorological characteristics and the occurrence of clouds around the area found that Kanchanaburi Province
consisted of mountain ranges. Valleys and river plains, with the northern and western areas of the province
being mountainous and sloping down the south and east. The corrugated plain area, including the northeastern
area of the province It looks like a plain at the foot of the hill alternating with low hills. And the watershed
area, including the area in the south of the province flat Soil is fertile. Summer begins when the northeast
monsoon winds end, which is around mid-February to mid-May. The rainy season starts around mid-June to
October. It rains heavily in the western part of the province. Due to the influence of the southwest monsoon
that blows through the Tenasserim Mountain Range into in winter it is cold. Influenced by the northeast
monsoon high pressure from China spreads down to cover Kanchanaburi around November until mid-February
Most of the area is field crops, sugarcane, corn, cassava approximately 18.28 percent, woody plants approximately
4.58% and rice fields approximately 3.92% respectively. As for the request for royal rain services in 2019,
there were 43 times, in 2020, there were 36 times, and Year 2021 has 21 times, respectively. As for the

Royal Rainmaking operations in the area, it was found that in 2019, there were 170 days, in 2020 there were
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281 days, and in 2021, there were 154 days. As for the weather factor from the results of the upper-level
weather from the radar station. Takhli, Nakhon Sawan province found that during the summer, the factors
affecting the operation of the royal rain were humidity and the air mass uplift index at both the upper and
lower levels. In the rainy season, the air mass uplift index at both the upper and lower levels is an important
factor in the decision-making of operations.

From the study of different factors related to the royal rain operation in Kanchanaburi Province, in
2022, these data will be taken into consideration to determine the possible conditions for operating in the

area of the rainy season and to test the flight conditions in order to obtain a suitable model for the operation.
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Development of Site-specific Royal Rainmaking Techniques: A Case Study : Thung Kula Ronghai in Roi Et Province
(Kaset Wisai)
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Development of Site - specific Royal Rainmaking Techniques: A Case Study : Thung Kula

Ronghai in Roi Et Province (Kaset Wisai)

Roi Et Province have some area in Thung Kula Ronghai that is the most famous jasmine rice cultivation
area in the Northeast.Kaset Wisai District as an important source of product. There is a rice plantation area
of 707 Km? which 97% is jasmine rice. The area of Kaset Wisai District is a large and most of the soil is sandy.
It does not hold water. Some areas are acidic and spread saline soils.This area often lack of rainfall from
climate change and there is a problem of flooding at the beginning and the end of the planting season. The
success of operating is about 42%.This project has the purpose to study the behavior of cloud formation
and develop the appropriate operating to optimize the rainfall in this area.By using the data from upperair
sounding of Phimai royal rain radar station and operation data of rainmaking in the study area during the
year 2017 - 2019 to set as a condition. It was found that the recurrence frequency of the radar reflection
value (Radar Climatology Analysis) at 20 dBz was in the period 01:00-07:00 P.M. is the time that the rain is
detected.The wind direction that causes the rainfall in areas and nearby areas is the western wind. At present,
this research is in the process of applying the data of the operational efficiency under the conditions. and

then prepare a complete document report.
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Study and develop techniques to perform spatial Royal Rainmaking A Case Study: Non-Sung District, Nakhon
Ratchasima Province.
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Study and develop techniques to perform spatial Royal Rainmaking A Case Study : Non-

Sung District, Nakhon Ratchasima Province.

The soil features in Non-Sung district, Nakhon Ratchasima Province are sandy loam which is low water
absorption and saline soils. In 2019, rainfall was lower than the normal (yearly rainfall as 645.6 mm). These
problems affected water shortage for agriculture. Meanwhile, rain requirement increased continuously but the
achievement of rainmaking in 2018 to 2020 was approximately 40% in the study area. It is because this area is
rain shadow which the rain clouds dissipated before enter the area. The aims of this study are as follow: 1) To
study topography and meteorological factors for the rain cloud occurrences in the study area, 2) To study the
behavior of rain cloud occurrences in the study area, 3) To develop the suitable model of rainmaking in the
study area. For the study of topography, meteorological factors, and the behavior of rain cloud occurrences in
the study area, the radar data was conducted using Climatology Analysis. The data were collected from
Phimai Radar station, Nakhon Ratchasima Province in 2017 to 2020. The criteria for the suitable model of
rainmaking in the study area were provided. The upper air sounding data were analyzed using Box and
Whisker Plot to study Inter Quartile Range. The data were collected form rainy day in the study area during
May to October in 2017 to 2020 (251 days). In 2021, the criteria were experimented by rainmaking operation

in the study area which flew a total of 23 samples. This project is in the process of conclusion and discussion.
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Study and develop techniques to perform spatial Royal rainmaking: A Case Study of Surin Province
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Study and develop techniques to perform spatial Royal rainmaking: A Case Study of

Surin Province

In 2018 to 2019, the phenomenon "El Nifio" caused the drought situation in many areas especially
in the Huai Saneng and the Am Puen reservoirs, Surin province. The high water demand for agriculture,
industry, fishery, and the water supply is during April to September. The storage of reservoir is less than 30 %
of the capacity which is not enough for those activities. The aims of this study are as follow: 1) To study
topography and meteorological factors for the rain cloud occurrences, 2) To study the behavior of rain
cloud occurrences in the study area, 3) To develop the suitable model of rainmaking in the study area. In
the first year, the radar data affecting the cloud occurrences in watershed was conducted using Climatology
Analysis, which study the recurrence frequency of reflectivity to analyze the behavior of the rain cloud
occurrences in the study area. The data were collected from Phimai Radar station, Nakhon Ratchasima Province
during 00-12 UTC in 2018 to 2020. The results showed that the recurrence frequency of reflectivity was low
in March to April and increased in the afternoon in May to July. Then, the highest was found in August to
September which was the period of the monsoon trough in the study area. This is consistent with the analysis of
the cloud occurrences in the study area which clouds tend to appear in the afternoon to evening. The cloud
occurrences were analyzed together with the wind direction in August to September. It was found that the
clouds, which affecting the study area, formed along the lower hills of Buriram province. Then, the clouds
moved along southwesterly wind enter the study area. The recurrence frequency of reflectivity decreased
in October because of the change of wind direction. In the present, the study is in collection and analysis of
the upper air sounding data, radar data and rain gauges. These data will be used to develop the criteria for

the suitable model of rainmaking in the study area.
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Development of Site-specific Royal Rainmaking Techniques : A Case Study of TaPhraya, Khoksung,
Wattana Nakhon, Aranyaprathet SaKaeo Province
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Development of Site-specific Royal Rainmaking Techniques : A Case Study of TaPhraya,

Khoksung, Wattana Nakhon, Aranyaprathet SaKaeo Province

Sa Kaeo Province has agricultural land accounting for 54 % of the total area, especially Ta Phraya,
KhokSung, WatthanaNakhon, and Aranyaprathet Districts. Due to low rainfall in the area and is outside the
irigated area, the most popular field crops are sugarcane, corn, cassava. This project aimed to study and
develop an appropriate technique for weather modification in Ta Phraya District, Khok Sung, Watthana Nakhon,
and Aranyaprathet Districts. Results from the analysis of meteorological data of Sa Kaeo Province. The sounding
upper-air data from Phimai Stations between 2017 - 2020 were analyzed with the operation data to confirm
the weather criteria suitable for weather modification operation. The result found that, the relative humidity
(RH) was greater than 60%, stability index of lower and upper airmass must be less than or equal to -2.0
and 0.0, respectively. Nevertheless, the wind speed must be less than 20 knots. From the above conditions,
it was found that the appropriate wind direction resulted in a 90% of success in operation, with rainfall in

the target area, accounting for the southwest to the west wind direction.
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Development of Site-specific Royal Rainmaking Techniques A Case study of Sanamchaikhet and Thatakiap

District in Chachoengsao Province
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Development of Site-specific Royal Rainmaking Techniques A Case study of Sanamchaikhet

and Thatakiap District in Chachoengsao Province

Chachoengsao Province has a total plantation area of 664,500 Rai (21 %) in Sanamchaikhet, Thatakiab
District that be producing 33 billion baht per year. Most of the area is rainfed agriculture, and some use water
from the reservoir. Due to the expansion of economic and industrial sectors in the eastern region, the demand
for water for consumption has increased, affecting the agricultural sector in Chachoengsao Province. This research
aims to improve the efficiency of weather modification techniques in the SanamChaikhet and ThaTakiab District.
Climatology analysis by using weather radar data (Sattahip royal rainmaking weather radar station, Chonburi
Province) found that most of the rain storms in the study area showed a high recurrence frequency corresponds
with royal rainmaking operations and the highest monthly cumulative rainfall. The meteorological and sounding
upper air data during the year 2017 - 2020 were used to investigate with the operation data by statistical analysis.
The result found that the weather conditions suitable for the weather modification in the study area must have
a relative humidity (RH) greater than 60%, and the stability index of lower and upper air mass must be less than
or equal to -1.0 1.0, respectively. Where the wind must have a speed of fewer than 20 knots. When considering
the data according to the above conditions, it will be found that the appropriate wind direction that has a high
performance of about 46% is the southwest to the west direction.
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Development of Site-specific Royal Rainmaking Techniques: A Case Study of Rayong Province
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Development of Site-specific Royal Rainmaking Techniques : A Case Study of Rayong

Province

Rayong has a rapid expansion of industrial section and tourism, therefore, there is a huge in water
demand. However, the main water storage in Rayong is currently limited and cannot support industrial
expansion. Causing shortages on water consumption, agriculture and industry. Until there is a problem relates  to
conflict on water demands between industrial and agricultural water users.

According to the data collection of large dams in Rayong, during the year 2016 - 2020, It was found
that Nongplalai dam has the lowest volume of water utilization, which was 8.52 million m3, and Prasae dam

has the lowest volume of water utilization, that was 1.54 million m?, because Thailand has been affected
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by drought and influenced by the weak El Nifo phenomenon. This research focuses on studying and developing
techniques for rainmaking operation in Rayong area while developing an appropriate rainmaking operation
pattern, to increase rainfall in the basin, dams and large reservoirs in Rayong area. In the first year of this
study, environmental conditions and meteorological characteristics were studied, influencing the occurrence of
rain clouds in Rayong, alongside the upper air weather observations data of Sattahip Royal Rain Radar during
5 years (2016 - 2020), that has a relationship between wind direction and the frequency of rainclouds and
rainfall.

However, in 2022, the project still needs to bring the results on the analysis. To create a pattern in
the planning of rainmaking operation according to the specified patterns to assess the effectiveness of such

rainmaking operation techniques.
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Development of Area-based Royal Rainmaking Technique : A Case Study of Banglang Dam

This research aims to analysis the influence of meteorological and topography characteristics to the
rain-storm behaviors of study area. Radar Climatology Analysis by using weather radar data (Sathing phra radar
station,Songkhla province) and develop the appropriate model of royal rainmaking operation for increase the
efficiency of rainmaking operation in the Banglang Dam Basin. Radar Climatology Analysis by using weather
radar data (Sathing phra radar station,Songkhla province) and Analyzing the upper air data of Phanom Radar
station in Surattani Province between 2016 and 2019 that had rainfall in the Banglang Dam Basin to develop
the appropriate model of rainmaking operation in the Banglang Dam Basin and test the flight in order to
obtain a suitable model for the operation. During January-December 2016-2019 the period of 7:00 AM to
7:00 PM, the study was divided into 4 time periods of 3 hours each. The recurrence frequency was studied
at a reflectance value of 20 dBz (Radar Climatology Analysis). ) As shown in Figure 1, in May 2016 - 2019, it
was found that the repetition frequency at reflectance value of 20 dBz (Radar Climatology Analysis) occurred
most during afternoon to evening.

However, this research project is still in the process of Analysis and summary the appropriate

model of rainmaking operation for increase the efficiency of rainmaking operation in the Banglang Dam Basin.
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Development of Site-specific Royal Rainmaking Techniques : A Case Study of Toa Deang Swamp forest
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Development of Site-specific Royal Rainmaking Techniques : A Case Study of Toa Deang

Swamp forest

This research aims to (1) analysis the meteorological and topography characteristics that effect to
the rain-storm behaviors in Toa Deang Swamp Forest Area and (2) develop the appropriate model of royal
rainmaking operation for increase the efficiency of rainmaking operation in Toa Deang Swamp Forest. This
research has set the format for data analysis into 2 parts as follows: (1) Radar Climatology Analysis by using
weather radar data (Sathing phra radar station,Songkhla province) and (2) Analyzing the upper air data of
Phanom Radar station in Surattani Province between 2016 and 2019 that had rainfall in Toa Deang Swamp
Forest to develop the appropriate model of royal rainmaking operation in Toa Deang Swamp Forest and
test the flight in order to obtain a suitable model for the operation. The result of research project found
that the most of the rain storm in the study area on April between 2016 and 2019 from Climatology analysis
showed high recurrence frequency in 01:00-07:00 pm and the area is the west of Toa Deang Swamp Forest Area.

However, this research project is still in the process of Analysis and summary the appropriate model of

royal rainmaking operation for increase the efficiency of rainmaking operation in Toa Deang Swamp Forest Area.
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Development of Area-based Royal Rainmaking Technique : A Case Study Phuket Province

Fingiinduundsioniioriiddyuesssmalnelnefinvieaiivrsmlneuazsienasuiulisng
o Fuauiol wasdiuiinsiunnsnssuiomaeguonaasalsniu ssfifaudesnisliissnn o
anuefnssial LLmL.maammuv;waﬂ‘mzmmamumﬂwwmmmgmuLaﬂﬁjuiamumL‘wm Do AUGNUIANIAS
sio¥) dwmalviiinaniifsmedeausesnindulssdmnd silidamingiinimsve fuusnissunansfisning u
NN wagNanIsUJURNsTIBwmEeTENInel nabees B8 Wab&om Wi aunsaufURnshemiouasUssay
arudfaifissieray oo 1osnn dnvarenafiamuulsuu deealinguinaiuniudiadouieonnitud
yienguinainiudiaaiefug dufunisufiRmauaaiietsmdefuiideiulusosdnudeya wasiam
windlan1sUfTRN sz ay %amiﬁﬂmﬁﬁi’mqﬂixmﬁ o) WileAnuanunz givszimatazduUsmggdesined
f5vEnasdonisiinimasiy b) lieAnuidnvugngAnssunaiinwany m) ewmurguuuunsufoanisiumnads
Amnzan

a

SLL!UVI o lnAnwanyuzniusEine LLa“’aﬂ‘lﬂﬂ.J“’V]N@WUEJlI’)‘V]EJ’W]lI@‘V]ﬁ‘INaWE)ﬂ'ﬁLﬂﬂLN%NHU?L’JMWUWQQ‘WJW

U
a

ﬂLle R]WI/]’]LLN‘L«!‘VlﬂalIL?,J"ZJﬂ’J’]ﬁJﬂﬂ’]iLﬂﬂ%’]“U@ﬂﬂaNLﬁJ"ZJLW’PJ’JLﬂT]“"MWZ]Mﬂ??lIﬂWﬁLﬂ@Lll"ZJN‘IJUﬁL’JmW‘LJ‘I/]ﬂﬂ‘lSﬂWJEJ’Jﬁ

v

Radar Climatology Analysis lagi1dauatin15ns33emnAvesaniisnsiuraicnuy Jsmingsnug it Faund

U

b&de - b&oa lUTIIA od.oo U. - ec.oo U kazwUtlu & FIa1 Tr10a18e @ Flis feg19RIUTl o WUl
nauLeinemuINlUTINFBUN¥A1AL T3 IFBURaIAY LaTNUNINIUYINIAT eo:00 - ecioo U.

Uagtunisfnunflegseninsuniuteya wazinszidea dnuaenseaieningiierimusnaeitouly

q

(criteria) oM URUUNMSUJURMsHunasivnzausieusaiuiidmingin

co S18NUUSHTU biEbe
ANNUAL REPORT



ouuey abiob-actoo

i

FUN o MvdrmTlinTginnudnsiingivesnguaulunuifn
#1838 Radar Climatology Analysis

Development of Area-based Royal Rainmaking Technique : A Case Study Phuket

Province

Phuket province is one of the most popular tourist destinations of Thailand. It draws so many tourists
both Thais and foreigners with at least 14 million people per year. Meanwhile, its agricultural areas are non-
irrigated areas.The annual water demand of Phuket is 80 million cubic meters of water, while only 60 million
cubic meters are provided for government and private sector utilization. Therefore, the amount of available
water is insufficient to meetthe annual demand, causing the increasing request for Royal Rainmaking services
every year.The Royal Rainmaking operations from 2015 to 2020 were successful only 67%, due to climate
variability causing seeded cloud developed and then moved out of the target areas, or dispersed quickly.
Accordingly, data study and analysis is necessary for effective Royal Rainmaking technique. The purposes of
this research project were to study topographical and meteorological variables influencing rain cloud formation,

to study the behavior of rain cloud formation and to develop an appropriate model of the royal rain operation.

In the first year, the study on topographical and meteorological characteristics influencing rain clouds
in Phuket area were carried out. Moreover, the frequency of cloud formation in the study area was mapped
and behavioral patterns of clouds were analyzed with Radar Climatology Analysis. By this, climate data
monitored from 07.00 a.m. — 07.00 p.m. by Phanom Radar station were collected from 2016 to 2021. The time
was divided into 4 periods. Each period was 3 hours. It was found that the clouds formed well during May

to October at 10:00 a.m. - 7:00 p.m.

The study is currently in the process of collecting and analyzing meteorological data to determine

the criteria for developing Royal Rainmaking operation model that is suitable for Phuket province.
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Development of Cloud Seeding Mechanics on Aircraft for Royal Rainmaking Operation Enhancement
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Development of Cloud Seeding Mechanics on Aircraft for Royal Rainmaking Operation

Enhancement

Rainmaking operation in Thailand mainly uses aircraft to disperse seeding substances. However,
most seeding substances with hygroscopic properties usually stick in seeding funnel when exposed to
humid environment, and it affected the efficiency of seeding flow rate. Moreover, to disperse the seeding
substances manually, the stability of seeding flow rate depends on personnel experience. Therefore, semi-

automatic seeding mechanics on seeding aircraft is developed to solve the problems.
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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 to not harm the crew. Concept of the
seeding machine is to disperse substances without power consuming from the aircraft to avoid the disturbance
of aircraft avionics instrument. 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 2021, the primary experiment will be conducted with a ground-based tunnel to
simulate environment while using the seeding mechanics during rainmaking operation. The simulation with
the ground-based tunnel reduces costs comparing to a demonstration with the rainmaking operation flight.
The tunnel will generate similar air speed with relative humidity, temperature and air pressure to rainmaking
operation in order to simulate the dispersion of the substances with flow speed and air pressure gauge.

The test result will be collected and analyzed through a designed seeding machine system.
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Pilot Research Project on Alternative Substances for Rain Enhancement Operation Phase 2
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Pilot Research Project on Alternative Substances for Rain Enhancement Operation Phase 2

Pilot Research Project on Alternative Substances for Rain Enhancement Operation Phase 2 is a
cooperative project between the Department of Royal Rainmaking and Agricultural Aviation and the Institute of
Scientific and Technological Research of Thailand. In this project, alternative substances that can act as cloud
condensation nuclei (CCN) at a relative humidity below 60% RH have been developed to overcome the
limitations of relative humidity factors and increase the chance of the successful royal rainmaking operation
in a dry season. The objective of this study was to study the effectiveness of 5 alternative substances (AR23,
AR25, AR31, AR38, and AR42) in experimental operations that were selected for the Pilot Research Project
on Alternative Substances for Rain Enhancement Operation Phase 1. It was also to study the feasibility of
using alternative substances for the triggering stage in low relative humidity conditions. Two alternative
substances performed best out of all 5 alternative substances from phase 1.The field test operation was
dispersion of the 5 alternative substances: AR23, AR25, AR31, AR38, and AR42. Its results indicated that the
most effective formulations were AR23 and AR38. Therefore, alternative substance formulations AR23 and
AR38 were selected as study subjects to determine the feasibility of using alternative substances for the
triggering stage in low relative humidity conditions. The AR38 seeding experiment was the first alternative
substance operation. The results of cloud physics analysis showed that the AR38 seeding was effective in
increasing the condensation of CCN, cloud droplet, and size of cloud droplet when compared to the non-
seed area at a relative humidity of less than 60% RH. The AR23 seeding experiment to compare the efficacy
between these 2 alternative substances has been postponed due to incompatible weather condition

caused by La Nina.
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Research Project on Logistic Optimization for Royal Rainmaking Substances
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Research Project on Logistic Optimization for Royal Rainmaking Substances

Royal rainmaking substances are one of the most crucial factors for the Royal Rainmaking project,
and their qualities and properties should maintain in the best condition. The aim of this project was to improve
an efficiency of logistic system from the beginning to the end of a process for optimal Royal Rainmaking
substance management. The areas of the study included three activities comprising 1) demand forecasting
of Royal Rainmaking substances 2) research and development of storage management and quality control

of Royal Rainmaking substances and 3) development of warehouses management system.

According to the study on the demand forecasting of Royal Rainmaking substances, a machine
learning technique called Long Short-Term Memory (LSTM) network is the most accurate technique to determine
monthly and yearly demand forecasting comparing with other forecasting techniques. LSTM network is applied
to improve more efficient forecast with more accuracy than a traditional method using collected data to

forecast.

Moreover, the storage management and quality control of Royal Rainmaking substances were
investigated at the warehouse of Lower Northern and Eastern Royal Rainmaking Operation Centers. The
experimental result showed that 2 0-bag substances stacked on pallet for six months were in good condition.
Meanwhile, the study on the packaging showed that an aluminum foil bag could prevent moisture the most
but the cost was high. Therefore, using 3-layered bag with woven polypropylene (PP) coated with oriented

PP for an outer layer and 2 polyethylene bags (PE) for the inner layer were suggested.
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Furthermore, to increase the efficiency of the warehouse management system, eight steps of
Royal Rainmaking substance logistic system were developed consisting of substance forecasting and demand
planning, procurement, delivery, inspection, warehouse storage, distribution, local warehouse storage, and
utilization for Royal Rainmaking operation. In addition, the capacity of each local warehouse was determined

to design storage system for further convenient application and best quality control.
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Development of Unmanned Air Target Drone for Warm-cloud Hygroscopic Seeding
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Development of Unmanned Air Target Drone for Warm-cloud Hygroscopic Seeding

Unmanned Aerial Vehicle (UAV) has been used for many fields of application. Cloud seeding is one
of the challenge missions for UAV application. The primary advantage of the UAV compared to seeding via
aircraft is that it does not require an airport for takeoff and landing. This is very important for cloud seeding
operations because sometimes the targeted clouds might be located far from the closest landing field. This
means that sometimes a manned seeding aircraft might get to the target regions too late for effective seeding.
Moreover, manned aircraft are usually costly in terms of fuel consumption and maintenance.
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This research is the cooperatives project of Department of Royal Rainmaking and Agricultural Aviation
(DRRAA) and Royal Thai Air Force (RTAF) funded by Agricultural Research Development Agency (Public
Organization) to develop unmanned air target drone for warm cloud seeding. The progress of the project
has been designed the UAV launcher and parachute system. Airframe and launcher are under construction.
Then ground test and air test will be conducted before field operation with hygroscopic seeding flares in

the final step.
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Study of Applying Ground Based Generator Technology for Increase Efficiency of Royal Rainmaking Operation in
Rain Shadow Area of Northern Thailand
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Study of Applying Ground Based Generator Technology for Increase Efficiency of Royal

Rainmaking Operation in Rain Shadow Area of Northern Thailand

The objective of this research was to study of applying ground based generator (GBG) technology
for increase efficiency of royal rainmaking operation in rain shadow area of northern Thailand. Ob Luang
national park protection unit 1 (Pa Kluay), Chom Thong district, Chiang Mai province was selected for
installation the GBG equipment (N 18.34 E 98.55) by considered with the results of rain storm behavior
analysis and site survey. GBG station is located at 4,800 feet (MSL), which is appropriate altitude to allow
the smoke of calcium chloride hygroscopic flare floats into the cloud base for contribute the better cloud
development and increase the chance of rainfall in the study area. The GBG equipment was designed by
using a local ventilation method and 45-degree tapper ventilation duct type, height 22.28 meters and
contain a maximum of 8 hygroscopic flares. The equipment performance testing was found that, it could
release smoke from the combustion chamber into the cloud base on the days with suitable weather conditions
(relative humidity > 60%, unstable air mass and wind speed < 20 knots). Now, the project is in the process

of tasting and analyzing the efficiency of royal rainmaking operation by applying GBG technology.
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Design and Development of Quantitative Precipitation Estimation (QPE) Algorithm for
DRRAA Weather Radar Data
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Design and Development of Quantitative Precipitation Estimation (QPE) Algorithm for

DRRAA Weather Radar Data

This study aims to develop a quality control algorithm of radar data obtained from the Department
of Royal Rainmaking and Agricultural Aviation and produce composite radar data that cover the area of
Thailand. The primary processes are as follows: 1) Develop techniques for radar data quality control process ; 2)
Create composite radar data covering Thailand. Furthermore, 3) estimate rainfall from composite radar data.
The reflectivity data during 2017 — 2020 were used to analyze and classify error signals. It was found that,
Interference and Spike noise were the most common error signal, especially in C-band radar. Then, this
study will be the focus on the development of noise attenuation algorithms for both cases. The data
quality control process products found that noise attenuation can be removed very well in both forms.
However, some noise remains due to the interference pattern's complexity, and the remedial process is still
developed. The results from the QC process were studied and developed into composite radar data by the
maximum reflectivity process. Currently, the project is still on an action plan to develop the ZR correlation

constant suitable for composite radar data.
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(Safety Management System : SMS)
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AFTER ACTION REVIEW
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