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Royal Rain, the Rain of Kindness, being developed
for sustainable development

nsudurasJiazMsiuINUas wouiosugin o dediisudulsind yalufiaz duau $hw desea
maaszewszsngmsiicuuhgibu  teuthiusnumsufidnisdunasicmudhsadunasiwszsisnuuaibuiuona
msUfUEnu sadicuunsnuderioiuls:ansmuwmsufidnsdunacs AcAuudanssuniazinafufadnaidentkuiiio
|c1's'aun31uw§au§uﬁar"n'uno‘ruMé’auuaneJamwqGmmﬂua:ﬁaﬁﬁ&n‘usssumﬁ sour"i:gsruqn'lsm'\us'auﬁa
dumisdandsamwarniAfunticeunelulszinAlazchalszing Iodesanazicenwsudanssudunsdanys
ANWOINARWSUNAUIGAWSZUSUIUNIBILAS URINDWaLQABINTUMISIY UsuUnUlias nsJAaAUlFnJoEIlUAUUE
YoJnduduauly
The Department of Royal Rainmaking and Agricultural Aviation (DRRAA) is ready to move
forward to the 7th year with the passionate determination to continue, preserve, and build upon the
Royal wisdom for sustainable development. DRRAA aims at continuously applying the Royal Rainmaking
Technology for Royal Rainmaking operation, developing researches to enhance the rainmaking efficiency,
and alternation technology to cope with climate change and natural disasters. Moreover, the coopera-
tion on weather modification with national and international agencies is being integrated to build upon
and disseminate the Royal Rainmaking Technology initiated by His Majesty King Bhumibol

Adulyadej The Great to be the treasure of the nation.
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( wmegsan Andiucuna )

(Mr.Surasri Kidtimonton)
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Director-General of the Department
of Royal Rainmaking and Agricultural Aviation
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Vision
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In 2037, the Department of Royal Rainmaking and Agricultural Aviation (DRRAA)

is the world’s leading organization of weather modification in accordance
with technique developed by His Majesty King Bhumibol Adulyadej The Grea‘/
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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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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
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Aviation management for rainmaking, research and development

as well as agricultural activities
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Strategic Issues
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Enhancement of weather Development of public
modification efficiency administration system

en.

WnUszansSatwn1steenunas 2 a o
LNTAMINFINITONITUSUSIANS

uhlutgymnfoudanazussinfendadenun
Enhancement of efficiency of prevention and solution

@ of drought and disaster
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‘ Enhancement of aviation efficiency
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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
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Royal Rainmaking operation to increase water in agricultural land, forests and reservoirs, and mitigate drought and

natural disasters mitigation
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Research and development of Royal Rainmaking technology and weather modification
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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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Organizational Culture
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Organization Chart
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Director-General
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Deputy Director-General Specialist in Royal Specialist in Applied

r= . Deputy Director-General
: (Operational section) Rainmaking Technology Atmospheric Science Research . (Administrative section)
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DRRAA Executives
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Royal Rainmaking Operation Division
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Royal Rainmaking Operation Division (Cont)
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Agricultural Aviation Administration Division
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Royal Rainmaking Technology Research
and Development Division
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Planning Division
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Secretariat of the Department
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Aviation Unit
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Aircraft Maintenance Group
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Maritime Dry Season Size CCN | 006-1.00 | 04-30 | 1.0-50.0
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Leneth (Max) 007 006 .23 -0.22 -0.06 -0.06 01t 011 027 029 -0.1¢ -019 .19 -012 012 -0.10

Droplet (Count) 033 031 004 -0.03 -0.12 -0.13 02¢ R 012 011 -012 -002 -0.03 0.59 010 012
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1. Influences of Cloud Microphysics Properties of Sub Cloud Layer on Cumulus Clouds

Department of Royal Rainmaking and Agricultural Aviation (DRRAA) has investigated the
influences of cloud microphysics properties of sub cloud layer on cumulus clouds since 2018.
In-situ airborne measurements comprise of 58 examples, including 15 maritime clouds and 43
continental clouds from January to August in 2019 of North, Northeast, Central and South of
Thailand. The study collected data at 4 levels: below cloud base, below cloud base 500 feet,
below cloud base 1,000 feet and inside cloud above cloud base around 1,000 feet.

As a result, aerosol below continental cumulus cloud showed higher concentration
and bigger average size than maritime cumulus cloud. However, there was more concentration
and smaller size of droplet found in continental cumulus cloud at above cloud base.
For liquid water content and updraft, at level of sub-cloud layer and above cloud base,
continental cumulus cloud showed higher value than maritime cumulus cloud.

In 2020, the study aims to collect up to 25 samples of the continental clouds and
maritime clouds. Moreover, this project will analyze the sub-cloud layer energetics form the
cloud physics instrument because the sub-cloud layer energy caused by the increase of

cumulus cloud development.
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. lasen1sn1swensalanitzaniaduuulaslddeyniusshvg
(Application of Artificial Intelligence in Upper Air Forecast System)
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date [time station PWem850  [PWem700  PWem500  PWem100  ISOHO ISOHm5  [ISOHM10  |SOHm15

20170103 PM 174 33 423 4.43 1663 19371 219988

20286)

1
2
3

4

TCM indices

1 RowlD, tine,Pscl, T,RH,v,u, Height P, 0, IR, 00, FF AZ, Range, Lon, Lat, Spukey, Usrey, Radar

) 1,0, 26312, 265.9,96,-0.04,0.09, 33, 1884.4, 295.2, 16.76,0,0, 115, 0, 38.81,8.85, 49159 49159, 33
3 2,2,8303,295.6,9,0.79,1.86,53, 1082.1,294.7,16.34,233,1.3,57,0,98.81,8.85, 49152, 49152, - 32768
4 3,4,28296,295.7,96,2.21,0.25,67,1600.5, 295, 16.67,186,2.2, 33,0, 98.81,8.85,0, 0, - 32768
4,6,28201,295.8,97,2.48, 9.5, 78,399.2, 295.2, 16.89, 168, .6, 14,0,%.81,8.85,,0,- 32768
5,8,26286,295.9,97,2.45,-0.66,88,998.1,205.5,17.2, 165, 2.5,4,0,98.81,8.85,8,0, - 32768
£,10,20262,296.2,97,2.4,0.78,98,367,295.8, 17,51, 162,2.5,358,0,98.81,.85,0,, - 32768
7,10, 28077, 286.4,97,.35,-9.93, 109,995.7,295.9, 1768, 158, 0.5, 355,0,98.81,.85,0,8, - 3768
0 8,14,28071,296.5,97,2.29,-1.09, 121,994.3,296,17.81, 154,2.5,351,0,98.81,8.85,0,0, - 32768
189,16, 28266, 296.7,96,2.22,-1.27, 131, 993.2, 296.1, 17.94, 150, 2.6, 348,0,98.81,8.85,8,0,- 32768
11 16,18,28261,207,%6,2.13,-1.46, 142,992, 296.3, 18,17, 146, 2.6, 346, 0, 98..81,8.85,0,0, - 32768

12 11,20,28257,207.3,9,2.04,-1.66,151,996.9,296.3,18.22,141,2.6,343,0,98.81,8.85, 0,0, - 32768
13 12,22,28052,297.4,92,1.93,-1.86, 161, 389.8, 296.1, 17,99, 136,2.7,340,0,%8.81,8.85,0,0, 32768
14 13,24,28247,207.6,91,1.81,-2..68, 172, 988.6,296, 17.95,131,2.8, 338, 160, 98.81,8.85,0,0, - 32768
15 14,26,28242,207.7,91,1.69,-2.31, 183, 987.3,296.1,18.04, 126, 2.9, 335, 166, 98.81,8.85, 0,0, - 32768

7116 15,26,26037,297.8,89,1.55, 255, 194, 986.1,296, 17.93,121, 3,332, 108, 98.81,8.85,0,0,- 30768

0 16,30,8230,297.8,09, 1.4,-2.78,204,985,295.9,17.82,107,3.1, 39,10, 9.81,8.85,8, 8, -32768

18 17,30,20028,97.9,8, 1.35,-3.84,214,963.9,295.8,17.75,112,3.3, 26, 108, .81,8.85,8,8, 32768
19 18,34,28223, 29,87, 1.88,-3.31, 23,962.8,295.7,17.62,108,3.5,33, 198, 38.81,8.85,8,8, 32768
010,36, 28219,298.1,8,0.91,-3.57,233,981.7,265.5,7.43, 104,37, 321,188, 38.81,8.85,8,8, 32768
01 20,38, 28214298 1,85,0.73,-3.85,244,980.5,265.4, 17,38, 11, 3.9, 31, 188, 38.81,8.85,0,8, 32768

Raw data
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2. Application of Artificial Intelligence in Upper Ai

ir Forecast System

Department of Royal Rainmaking and Agricultural Aviation (DRRAA) applies Thailand

Cumulus Model (TCM) and Sonde2 models for daily operational plan in order to improve the

rainmaking operational efficiency. However, forecast

due to insufficient sample analysis and variations in

ing from such models has some limitations

climate system. Thus, the objective of this

project is to apply artificial intelligence method to understand the uncertainty and bring about

an efficient technique for Royal Rainmaking’s weather forecasting system.

In 2019, the study focused on the training programs with the skills and meteorological

knowledge. The database including Skew-T, raw data and weather indicies are calculated for

simulation model. Currently, the model is slightly balance on excellence. The accuracy of
the model is 0.9, but still lower than the goal of this project (95%). Thus, the study will
continue next year to improve the accuracy by increasing the quantity and quality of dataset.

In 2020, the weather data and Skew-T will be continually collected and allow the model to

learn a new dialog programs.
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3. Development of Evaluation Technique for Royal Rainmaking Operation

The Royal Rainmaking and Agricultural Aviation (DRRAA) has developed evaluation
techniques of beneficial areas from the rainmaking operations. Radar rainfall estimation and
dynamic target area were applied and calculated rain volume using the Z-R relationship.
However, there is limitation of evaluation when seeded cloud moved out from the target area
and missed opportunity for assessment. Thus, the project was designed for 3 years
for 2019 - 2021 to develop storm-identifying tracking system, and evaluation techniques for
rainmaking operations. The study also focuses on improving rainfall area estimation. In 2019,
cloud tracking and mirror tracking programs by comparing seed and non-seed areas to calculate
rain area and rain volume were developed. Moreover, Super King Air track and radar reflectivity
was calibrated with a standard scale in order to check the instrument’s accuracy.

In 2019, 99 samples including 18 samples from Takhli radar, 3 samples from Omkoi
radar, and 78 samples from Phimai radar were collected. The estimation of the spatial rainfall
distribution is conventionally considered as the distance of echoes radar. Another set of
observations was made using the aircraft instruments to measure rainfall in the length unit.
There were two methods of using the aircraft instruments to take the measurements. First,
scientists recorded the data when the rain drops down on the windshield. Second, scientists
recorded when the aircraft was under the cloud until the end of the rain area. Measurements
from both methods were examined to identify the most appropriate statistical data sets for
the instrument’s accuracy. The root mean squared error (RMSE) was calculated between the
radar echoes and the two aircraft instruments methods. It was found that the RMSE of the first
method was approximately 2.90 (north to east), while that of the second method was higher
at around 2.98. Moreover, the study used a High Volume Precipitation Spectrometer Particle
(HVPS) that is a physical instrument to collect and calculate intensity of rainfall (dBz). Generally,
HVPS can detect individual droplet of range 150 to 19,200 micron.

In 2020, the study will develop the cloud tracking system, calibrate weather radar and
cloud physics instruments, and develop a mirror tracking program. The storm identifying and
tracking system is developed from the instrument’s accuracy. The system carry out cloud
tracking depending on the operating system. Storm identifying system is calculated using radar
reflectivity (Z) when Z can be related in the form of power. It depends on the type of droplet

(size and number) and convert to dBZ (decibel of the reflectivity factor Z).
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(Development of Rainmaking Decision Support System Model from TITAN Software
Application and WRF Model)
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4. Development of Rainmaking Decision Support System Model from TITAN Software
and WRF Model

The objective of this project was to develop a decision support system (DSS) model
using the output of TITAN software coupled with the WRF model. The structure of the model
divided into 2 parts which were water demand and suitable weather conditions. Water demand
consisted of a crop water requirement layer and watershed boundary layer that created from
digital elevation model (DEM) at 30x30 sg.m resolution. Suitable weather conditions consisted
of radar reflectivity (dBZ) layer obtained from TITAN software at Phimai Radar Station. Data on
relative humidity and wind in 3 directions, obtained from the WRF model. Both of TITAN and
WRF model data were considered below 30,000 feet in height which was related to warm
cloud seeding operation.

Development and performance testing of cloud suitability models employed the
rainmaking operational data for April 2019 during the attacking process according to the Royal
Rainmaking Textbook. There were 49 operations in which the data were sampled into 2 parts,
namely 39 model data and 10 test data. The DSS model accuracy test results gave 90% efficiency

and suitability consistent with the royal rainmaking operational results.
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(Study of the Influences of Topography and Local Climate on Royal Rainmaking Operation in
Northern Thailand

Case Study : Rainmaking Technique for Rainfall Enhancement in Valley Areas and Increase of

Water Supply in Reservoirs)
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5. Study of the Influences of Topography and Local Climate on Royal Rainmaking Operation
in Northern Thailand.
Case Study : Rainmaking Technique for Rainfall Enhancement in Valley Areas and Increase of

Water Supply in Reservoirs

The objectives of this research were to (1) study the influences of topography and local
climate on cloud and rain process in northern Thailand, (2) analyze rain-storm properties using TITAN
software and map rain-storm potential area using radar climatological analysis and (3) develop an
appropriate rainmaking operation model for increase of rainmaking operation efficiency in northemn
Thailand.

Our research found that rain-storm in northern region was well-distributed during the rainy
season (May - October) and mostly during 09.00 am. - 03.00 p.m. The average rain-storm
life-time was 10-40 minutes. The average rain-storm mass and volume in summer were greater than
rainy season. The northern topography and the strength of southwest monsoon during rainy
season were play an important role on spatial and temporal variation of rain-storm. The leeward
area in the upper northern region get less rain in rainy season. Moreover, some area of lower
northern region tend to receive little rainfall because it located far away from the cloud originated
area during southwest monsoon period.

The research project will develop rainmaking operation model based on rain-storm
characteristics of northern region and make an operational test both for valley/rain shadow
area (Chiangmai and Lampang provinces) and small watershed area (Maekuangudomthara and
Maemok Dam) from March 1St, to September 15th, 2019. Currently, the research project is under
the process of analyzing and evaluating an operational test data for conclusion an appropriate

rainmaking model for each area in northern Thailand.
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6. Enhancement of Royal Rainmaking Operation Efficiency in Northeast of Thailand

Case Study : Cloud Characteristics

The objective of this research is to study cloud characteristics of natural cloud
and seeded cloud in order to develop the operational pattern of Royal Rainmaking.
This research employs the RADAR data of Phimai station, the upper air sounding data
and synoptic data of Thailand during 2015 - 2017. The cloud characteristics were analyzed
using the RADAR climatology technique and TITAN (Thunderstorm Identification Tracking Analysis
and Nowcasting).

The result showed that the reflectivity of cloud over 20 dBz, in winter (Nov. - Feb.)
shown high frequency of rain clouds was occurred in the upper part of Nakhon Ratchasima
province, the upper part of Buriram province and Chaiyaphum province. In summer (Mar. - May)
on early season the rain cloud was occurred in the central part of the region. In late of May, the
high frequency of rain clouds was well-distributed above the hilly area over the southern part
of Nakhon Ratchasima and Buriram provinces. In rainy season (Jun. - Oct.), the northeastern
region of Thailand has been continuously influenced by the southwest monsoon and the
monsoon trough lies between August and October resulting in rain spreading all over 7 provinces.
The rain clouds were occurred in the middle of March to the earlier of November, which mostly
occur in the middle of April to the end of October and over 70% was single cell cumulus
cloud. All season the average size of isolate rain cloud was not more than 60 Km” and rainfall
durations were less than 30 minutes if there is a combination of rain clouds it will increase the
size of the rain clouds and the rainfall duration was longer. The average of the maximum cloud
top was more than 20,000 feet in every season. The analysis of the reflectivity of cloud top
that greater than 50 dBz, the potential for hail storms found that most hail event occur in May.
In winter, Lifted Index (LI) and Showalter Index (SI) were mostly positive (+), however, in
summer and rainy seasons the average of LI were negative (-) and the average of SI were slightly
positive. The average of Kl, in rainy and summer seasons were more than 30. In all seasons,
the average humidity (RH) at 5,000 - 10,000 feet is more than 60%, while in rainy season, RH at
10,000 - 18,000 feet is more than 60%.

In 2020, the researchers plan to analyse the relationship between the upper air
sounding parameters and cloud characteristics, then compare the characteristics of natural
clouds and seeded clouds to determine the optimum operational pattern for enhancement of

Royal Rainmaking operation efficiency.
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7. The Study on Royal Rainmaking to Solve Drought-prone Areas in Central Thailand

The Royal Rainmaking Operation of repeated drought - prone area in the central region
of Thailand research has been carried out in order to study the environmental, topographical and
meteorological characteristics that influence the occurrence of rain clouds in the repeated
drought areas in the central region of Thailand. The researchers used the annual accumulated
rainfall data of 3 years (2016 - 2018) for analyzing the spatial standard rainfall amount (Standardized
Precipitation Index: SPI) and 4 year (2016 - 2019) spatial information (district level) of the central
region that requires rainwater for agriculture including the areas at risk of drought collected by
various departments, including areas achieving benefit from Royal Rainmaking service provided
by Department of Royal Rainmaking and Agricultural Aviation. Information of drought-stricken
agricultural areas (Department of Agricultural Extension), information of areas at risk of drought
(Department of Disaster Prevention and Mitigation) and data of topography and slope of central
region in 2015 (Department of Land Development) will also analyzed.

This research aims at determination of drought affected areas using data overlapping
methods and calculation of grade point values of the risk-stricken areas. From the spatial data
of 5 variables which are (1) Spatial Standard Rainfall Index (SPI) (2) Topographic and slope data
of the area (3) Information for the area of the royal rain service (4) Data of the repeated
drought agricultural area and (5) Information on risk areas experiencing drought. The grade level
for the risk of drought encountering is set into 5 levels. The risk areas of drought problems
from the areas with scores in the criteria of "The most vulnerable area to drought" is to be
used as a study area for the development of the model of Royal Rainmaking operation in the
central region. According to the study, the topography and slope of the area as well as the
drainage capacity of the central region were considered and the central plains of the region are
plains with a slope of 0-5%. The slope of the mountainous areas on the eastern and western
sides of the region is about 5-35%, which has a high risk of drought. And from the study of the
standard rainfall index in the central region, it was found that the average values were between
-2.88 to 4.27. Analyzing the drought experienced area by using the method of overlapping
spatial data and calculating the values of the risk areas affected by drought, it was found that
"the most vulnerable areas experiencing drought" found in 2 provinces of the central region,
i.e. Tak Fa district, Nakhon Sawan province, and Dan Chang district, Suphan Buri province.

In the year 2020, the researchers will analyze and develop the model of Royal Rainmaking
operation in the area in order to get the suitable model of the rain operation in Tak Fa district,

Nakhon Sawan province and Dan Chang district, Suphan Buri province.
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8. A Study on Rain Cloud Characteristics for Royal Rainmaking Operation in Eastern Thailand

This project aims to study the influence of topographic and local climate characteristics
on rain cloud in difference seasons over eastern region of Thailand. The weather radar and
upper-air sounding data of Sattahip Radar station from year 2015 to 2018 were used to study
the relation between rain cloud characteristics and the potential of rainmaking operation. The
result will be used to improve the efficiency of rainmaking operation in eastern Thailand.

From the topographical and seasonal analysis of eastern region, the main factor of rain
cloud formation and storm movement is wind direction in difference seasons. The wind flows
southeast in summer (February to April), southwest in rainy season (May to September) and
northeast in transition period from rainy to winter season (October). In summer time, the moist
air is moving from the South China Sea into the coastal areas (Trat, Chanthaburi and Rayong
provinces) then developing to form as cumulus clouds. The cumulus clouds were moved along
the northeast ward and dissipate over the central part of eastern region (the area between
Rayong, Chanthaburi and Chachoengsao provinces) when moving a cross Khao-Chamao and
Khao-Soidao Mountains. In rainy season, the saturated moist air is moving from the Gulf of
Thailand into the coastal and flat areas of Chonburi and Rayong provinces. The cumulus
clouds were originated over this area and move forward along the northwest direction and
dissipate over the area between Chonburi, Rayong and Chachoengsao provinces. Sometimes,
they moved faraway in the middle land until reaching Prachin Buri and Sa Kaeo provinces
because of the strong wind in this season. For the transition period from rainy to winter
season, the rain cloud from Sankampaeng Mountain down to southwest direction and dissipate
over the area between Prachin Buri, Sa Kaeo and Chachoengsao provinces.

In 2020, the project is still in the process of analysing data to find relationship
between cloud characteristics and the upper air parameters in order to improve the efficiency

of rainmaking operation in eastern Thailand.
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9. Efficiency Incensement of Royal Rainmaking Operation in Rain Shadow Area

Case Study : Khao Soi Dao Mountain, Chanthaburi Province

The objective of this research is to study of natural rain cloud characteristics comparing
with seeded rain clouds, and develop the appropriate model of rainmaking to increase the
efficiency of rainmaking operation in rain shadow area.

This research uses the Royal Rainmaking Operation data from March, 1st to May, 31st
2019. There was Rainmaking Operation in rain shadow area (Pongnamron and Soidao districts,
Chanthaburi province) for 29 days and non-operation for 39 days, totally 78 experimental days
(29-day seeded and 39-day non seeded). They are classified in 3 levels which are good, moderate
and poor, by warm clouds seeding potential from the Eastern Thailand Cumulus Model (ETCM).

The result of research project showed that the Royal Rainmaking Operation complete
by 3 steps (Triggering, Fattening and Attacking), providing average volume of rainfall and average
rainfall areas in rain shadow area higher than ones from natural rain.

In 2020, the research project will continue to analyse the relationship between
cloud characteristics and the upper air parameters to develop rainmaking operational pattern in

the rain shadow area and to apply in other rain shadow areas of the country.
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(Study of Royal Rainmaking Operation Technique to Relieve Drought Area in Upper

Southern region of Thailand.)
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10. Study of Royal Rainmaking Operation Technique to Relieve Drought Area in Upper

Southern region of Thailand.

This research aims to (1) analyze cloud properties and create the map, showing the
area where is the rain cloud potential area, (2) develop the appropriate model of rainmaking
operation to improve the efficiency in order to relieve drought.

This research has set the format for data analysis during southwest monsoon into
3 parts: (1) analyzing spatial drought risk data in order to make the map of drought affected
areas in upper Southern region by using ArcGIS program, (2) mapping the area where potential for
rain cloud by using radar climatology method from weather radar data of Sattahip Radar station
in Chonburi province during 2015 - 2018 and analyzing the cloud properties in 7 variables,
including number and life span of rain clouds, maximum reflectivity, cloud base and cloud top,
volume and mass of clouds by using TITAN program, (3) examining data of rainmaking
operations in the upper southern region during 2015-2018 in order to develop the appropriate
model for the operation in upper southern region of Thailand.

The result showed that the upper Southern region areas having the highest frequency
of drought problems including 2 provinces, 7 districts Phetchaburi province (Khao Yoi, Cha-am
and Mueang districts) and Prachuap Khiri Khan province (HuaHin, Pranburi, Sam Roi Yot and
Bang Saphan Noi districts). According to the cloud potential map, it showed the reflectivity
more than 20 dBz and present the highest frequency of cloud occurrence. It was found in
three parts of the upper southern region as followed: (1) the mountain areas in the western
part of upper southern region, (2) the coastal plain of the Gulf of Thailand in Phetchaburi and
Prachuap Khir ikhan provinces and (3) the plain area in the eastern part of Ratchaburi province
which is connected to Samut Songkhram and Samut Sakhon provinces. On the other hand, the
central part and the plain of the east side of the mountains over the upper southern
region of Thailand shows the high risk to be the drought-affected areas accordance to the less
rainfall in this area (annual rain accumulation < 1,200 mm.). The results from analyzing the
cloud properties in southwest monsoon illustrated the mostly rain clouds in the upper
southern region will begin to form in the afternoon between 13.00 and 17.00 PM.

In 2020, this research project is still in the process of selecting samples of the past
rainmaking operation in order to analyze and summarize the appropriate model of rainmaking to

improve the efficiency of operation over upper southern region of Thailand.
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(Rainfall Estimation Derived from C-band Weather Radar over the Northern, Northeastern
and Southern regions of Thailand (3 year project, 2018 -2020))
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11. Rainfall Estimation Derived from C-band Weather Radar over the Northern, Northeastern
and Southern regions of Thailand (3 year project, 2018 -2020)

Weather RADAR has played an important role in weather observation and rainfall
measurement for many purposes. It can provide clouds and precipitation information for
weather modification activities in several countries. In Thailand, Department of Royal Rainmaking
and Agricultural Aviation (DRRAA) has conducted clouds seeding activities since 1969 and used
weather radar to evaluate the efficiency of clouds seeding. This research project focuses on
radar rainfall estimation (QPE) from 3C-band weather radars of DRRAA located in Prae, Udon
Thani and Chumphon provinces (in the northern, northeastern and southern regions of
Thailand, respectively). The radar reflectivity data and rain-gauge network data (from DRRAA,
TMD and HII) during the 2018 to 2019 were used to study the relationship between radar
reflectivity (Z2) and intensity of the rainfall (R) in both monsoon seasons (NE and SW). The radar
reflectivity was checked before deployment to retrieve the rainfall amount with ZR relation.
The process consisted of clutter identification and correction of signal attenuation before
extracting reflectivity value by “getdBZ” program. Also, the rain-gauge data was subjected to
double mass curve technique to check its consistency concerning other rainfall stations in that
area. Then this consistent data was used to calculate with reflectivity data.

In 2020, the researchers have a plan to collect both radar reflectivity and rain-gauge
data until December 2019. This will make the project finding containing data of both monsoon
seasons for 2 years, resulting in more accurate data analysis to find the best ZR relation of

each season.
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