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Abstract

This research plan is a study of performance improvement and risk reduction in water management
of Phetchaburi river basin using Royal Rainmaking (Year 2) consist of 4 research projects. The first research
project began by gathering crucial data, namely daily data of Royal Rainmaking Operations, which consists
of days and times for making royal rains and flight pathways in each operation from the Department of Royal
Rainmaking and Agricultural Aviation to assess the achievement of royal rainmaking by checking from the
amount of rain measured from the ground rain gauge station of the Hydro-Informatics Institute (Public
Organization) or HII, which is an hourly rainfall amount. The period covered by takeoff and the time when
it rained following the operation, between 9:00 AM and 9:00 PM, are used to calculate the cumulative half-
day value. Due to limited computer systems used to store data, hourly radar grid rain data cannot be
retrieved. Data can be retrieved only at that half-day time. And in the process of modifying computer systems
in the future should be able to retrieve hourly historical data. In this research, it was then compared with
the half-day average rainfall obtained from the radar in the form of a grid distributed according to the area
of propose for the achievement of each operation. It is considered that the rain data from the radar is
accurate and can be used as a reference data on the amount of rainfall to compare the results of the royal
rainmaking.

Based on the results of the first year study, 148 data on the Royal Rainmaking Operations during
the year 2018 to Year 2020 received from the Department of Royal Rainmaking and Agricultural Aviation.
When selecting only the flight pathways in the Phetchaburi area, there were 108 data left. The comparison
results with the ground data gave a correlation coefficient is 0.21, since most of the flight pathway is in the
upper basin, because of the goal is to add royal water to the Kaeng Krachan dam. However, in this area the
ground rain gauge station has an inadequate and inadequate distribution. Therefore, the researchers
conducted a feasibility study on installing additional ground rain gauge and climate data stations in the upper
area of 4 stations, namely Ban Krang Camp Station at Huai Mae Phiang Subdistrict, Ban Phu Khem School
Station at Kaeng Krachan Subdistrict, Ban Phu Sawan School Station at Phu Sawan Subdistrict, Kaeng
Krachan District, and Ban Tha Sala School Station at Yang Nam Klat Nuea Subdistrict, Nong Ya Plong District,
Phetchaburi Province.

From the results of the study in the second year, 93 data on the Royal Rainmaking Operations in
the year 2021 was collected. When selected for specific flight pathways within the boundaries of Phetchaburi
Province, remaining 71 operations was found and the results were compared between radar rain data and
spatial average rainfall data from ground rainfall data and 4 additional ground rain gauge stations newly
installed. It will give better correlation values than the case of not taking the ground rain data of all 4 stations
into consideration. And when considering the monthly cumulative rainfall, it was found that the monthly
cumulative rainfall from ground rainfall data and 4 additional stations newly installed is closer to the monthly
cumulative radar rainfall throughout the period of 7 months from March to September of the data in 2021.
The better correlation of the addition of ground rain measurement points in the upper and middle of the
Phetchaburi Basin in the first year of research. This is consistent with the assumption set in first year, which
is to verify the results of the actual examination in second year of research and considered to be more
reliable from the results of the first year of research. It also found that upstream of the river basin is mainly
the area where the target of royal rain to fill the Kaeng Krachan dam for the four years that data was
collected (2018 to 2021).

For improving the assessment of the achievement of royal rain and ground rain in the Phetchaburi
river basin, the researchers suggest that the spatial average rainfall data from this improved ground data
could improve the interpretation of the ZR relationship of the Department of Royal Rainmaking and
Agricultural Aviation. From the literature review, it was found that in year 2021, HII prepared a final report
on the project to develop a system for estimating and forecasting rainfall using the weather radar data phase
3, the researchers considered that If the Department of Royal Rainmaking and Agricultural Aviation has tried
to adapt the ZR relationship equation from which it is currently in use is Z = 300R* into the newly equation
Z = 170R!"® obtained from the aforementioned research. It will help the radar grid rain to be closer to the
ground rain. This will make an assessment of the achievement of royal rain and ground rain in the
Phetchaburi river basin has more accuracy values as well.

For the second research project, the analyzed rain data from first research project were used for
further analysis in terms of soil moisture and rain runoff which summarizes the results of the study into 3
topics namely an estimation of soil moisture in the Phetchaburi river basin using satellite data and a soil
moisture analysis model. Second, the inflow of Kaengkrachan Dam was calculated using rainfall-runoff
models which were SWAT and DWCM-AgWU together with the operations of Royal Rainfall Making (RRM).
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Finally, forecasted rainfalls were used with DWCM-AgWU to predict Kaengkrachan inflows 9-days in advance.
Results revealed that bias correction method was applied for Nong Plub meteorological station with
correlation coefficient of 0.72 and RMSE of 1.8 C. Cultivated area estimation using satellite during 2015-
2021 presented that large cultivated area occurred during May-October with 800,000 — 1,200,000 rai. The
area was then decrease in November around 100,000 rai. IOT Soil moisture sensors were then installed and
calibrated for 10 stations for collecting soil moisture data every 15 mins. The observed soil moisture data
were also used for the soil moisture model calibration showing moderate to high performance for most
stations with R2 of 0.65-0.95, NSE of 0.28-0.72, and PBIAS of -12.71 to 5.01. Only one station showed less
performance because of an error of rainfall data. Finally, the results of rainfall-runoff models showed that
Kaengkrachan inflow was decreased around 22.5-25.5 mcm without RRM operation, and forecasts inflow 9-
day in advance were generated with high agreement with historical inflows.

For the third research project, which is a study of the effect of Royal Rainmaking in solving the
problem of water scarcity. The results of the study were summarized into two aspects, nhamely the results
of the analysis of the climate statistics and atmospheric water content for the royal rainmaking. The climate
data base obtained from Hua-Hin, Phetchaburi, Prachuap Khiri Khan and Nong Plub weather stations during
the year of 2017-2020 was used to analyze the spatial distribution of climatic profiles and atmospheric water
content. Then probability analysis of rainfall from the Royal Rainmaking operations was performed during
the 211 days of operation during the year of 2017 to 2020. The result was found that the critical operation
condition for Royal Rainmaking achievement was the humidity in the rage of 71-90 percent, wind speed 11-
20 knots and atmospheric water content 71-90 mm, which is in according with previous study results in the
first-year project.

The CF analysis was then performed by using the inventories of Royal Rainmaking Process recorded
from the year 2018 — 2021 of the results of the research project 1 and 2. The scope of the system studied
consisted of the Royal Rainmaking substances transport system, preparation of Royal Rainmaking
substances, and the performing of Royal Rainmaking. The functional unit was set as unit of rainfall estimated
from variation existing methods. The different rainfall estimation revealed different CF values. The CF of
Royal Rainmaking determined by Inverse Distance Weighted (IDW) method from rain gauge stations from
the year 2018 to 2021 were 1,599.54, 1,505.68, 567.04 and 2,458.21 kgCO.. eg/million m3, respectively.
The CF of Royal Rainmaking estimated from radar rainfall from the year 2018 - 2021, the values were 550.73,
530.11, 258.05 and 680.60 kgCO: eg/million m3, respectively. The CF of the Royal Rainmaking estimated
from the satellite (JAXA satellite) from the year 2018 - 2021 were 819.41, 1,185.75, 410.27 and 660.51 kg
CO2 eg/million m3, respectively. To explore the contributing inventories of that system, it was found that the
60% of greenhouse gas emissions measured as CO2 equivalent caused by the engine exhaust (burning of
fuel), which is direct emissions. The 40 percent left was contributed from indirect emissions caused by
resources used in the process. The major rainmaking substance that affects greenhouse gas emissions is
the hot-formulate rainmaking matter, such as calcium oxide and calcium chloride, used in the process of
raising the cloud mass (Fattening), and cold-formulate rainmaking substance such as dry ice and urea, used
in the process of attacking, etc. These findings may support the further system operation of Royal
Rainmaking to achieve more resources consumption efficiency.

For the fourth research project, the results of research projects 1 to 3 were collected and developed
the decision support system for the rainmaking operation. The proposed decision support system is
developed as a web application. It presents timely information to support several tasks in order to increase
the efficiency of rainmaking operations. The main tasks supported by the system are (1) supporting decision-
making on selecting the target area regarding two rainmaking missions which are to mitigate water shortages
and to increase the water level in the reservoirs; (2) supporting decision-making on daily missions based on
the weather and upper atmosphere; and (3) generating reports on the performance of the mission and
summary reports of service requests. In addition, to make research findings widespread and able to help
increase the effectiveness of the Royal Rainmaking Operations, the system should be implemented and
problem tracked to improve and enhance the intelligence of the expert system. Finally, all these results of
the research plan give the benefit to people and farmers in the Phetchaburi river basin and should be
extended to other regions



