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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
HIl, 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, HIl 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). 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, namely 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 keCO,. eg/million m?, 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 m?, 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 CO, eg/million m?, respectively. To explore the contributing
inventories of that system, it was found that the 60% of greenhouse gas emissions measured
as CO, 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
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KaNITIATIENITIALAaULI NN TUsIfiuAad WluAuded oya
NANAMININE181NA T8N Terra/MODIS ATUIUATTAIIUWIAIULES
AIUNITLNEATADTD Temperature Vegetation Dryness Index (TVDI)
\Hunsfnuiisesesenainauideluli 1 Tnsuiluiinisufuaay
‘U%"ULLﬁmwmmmLﬂa‘ﬁ'au%agamwdwmﬂmaL'ﬁw AsivuaT U
winzUgn nswlanadvil TVDI warmsnTiammdulufuaneuges
ardlufunuy loT Tngnan1s3denuitnisusulsedayaningieain
m’JLﬁEJQJ(;]J’JEJﬂ’liLaiJLﬁu%@uﬂﬁluﬁﬁuﬁ%’m%’]ﬂ (gap-filling) Favneuide
Tudf 1 Wm'ﬁaaﬂaqquﬁﬁ?uﬁa (surface temperature) lalaay 50
Wisanodnsulday lumiddeludd 2 Slaldnaiia Temporal Fourier
Analysis (TFA) Lﬁaa%’wﬁaga"lmi (reconstruct) 91NYUATIIADUATY
‘u'wL%'aﬁal,t,asﬂﬁ’mﬁmwmmmmﬁéuimaﬁ%aaﬂammi’mmﬂamﬁ

a

2N NeUINYNEAT (@NY.) NUBINGU NUINTAFUUSEANSandunus (1)

99

WINAU 0.72 karsInT d09U89ARA YAURANAIAN1E 9889 (RMSE)
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aunsunanmaenfienlugiel w.em.2558-2564 azLiiuinguuuunis
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= L A0 0% a ' P |

wngUgnitgluiunguiinysysinuimizugnindeaautiannlug

| a PR =2 & | ad A
sgriadeunguniandaiowgaruialutigady lneduiwizuan
Uszanas 8 wau 89 1 41w 2 wawls nasanuulufoungadnieuniui
wnzlgnavanaawidewdsuszuna 1 wauls Wneduiiunldua/ld8usdu

X A = & wvya
wagnumgUgnluiualasin1svauseniunesys wenantudalaiinis
p5137aAnuTuluR LI UEas AT UluAWLUY 1oT tevinnisaeu
~ s aa a & L A0 % A o
Wigulgugasuuua1U1@iuazinaaluiuiiguunmesy3diuau 10 90
ansadsteyanuduluAuwuulngiiaiais (near real-time) nn 15

a
UmMm

5. ANSIATILIAINUABINTUIV DY
NYAWNUILALUUTIRBIILATIZN

ANTNAITUIALAAUUN

IHuszgndlduvuiaouiioussiiumutului uiidnw Tasnisiild
Wisuiieuiunaiilaannnisnsaatamanutunnausluiluiiveniun
$aUsENIUTIUIY 5 AUT NUIT wadi ldanuuuTIas el
asavialavdnlugdanfilndifsatuansninluninauiy Taednis
Usziflunen1sidavdanuiiousnuiu 5 agd tawn R, RMSE, ARE,
PBIAS uag NSE nuiduvisfinsaaialaedlve) 4 daandlann 5 @il
fiefilndiAestuariinsiainegelidoddny Tnofidiegluraeszwing
0.65-0.95, 2.37-4.82%, 6.58-27.51, -12.71 09 367 way 0.28-0.72
auasu Tnefifg i wiundsnsietaidalddulumuiinsaials
31nAIREaLINE il ovinsasasaeundanuinlug e s
fegainiaAnduluf uiiusnndeyausuamunuinlufivsuasy
Aatuluiuiidemalinadnsildanuuusiassiduandsannaadilgan

ARSI

6. N15UsEynAldLUUTIABIUINY-
19 lasunsusuisuwar Ny

ADULUUI1AD

HaINN1TUTEYNA LT UUUTIARIUIHU-1Y SWAT Uaz DWCM Lile
UszluUsunaivinlvaassna A utiwnanssaunu Ik uUI1aasu ey
UsunauumngeUluya9d 2018-2021 dAAunaInma ouRa e
5% Ay 17% 910WUUIIa09 SWAT wag DWCM AUaIau wagile
NINFUNDIANULH NANVBIUSU YN AR T ULl a5 aunUS un auelu
A a a va a & A A

MAnINAIsUUAnIsHunaItlagiaIsaanIe N Ui nseydndng
UUAn1snudn Ysunadviiiinduasiaianas lnguuudiass SWAT

a | a ¥ A da X Y P
LAAIANULANF19VBIUS U UL LRABNLAATUWINAY 35.5 81U aU.4.

Tuvaenuudnass DWCM agdmnudananainnyu 22.5 au au.yl.

7. MAlATeikarduas1Eviveya
WU UNIZNNITVIN AR ULN

TagAINsIukazn1sUsELd uka

Tawanszuunsaanisalusunatiminlusuenalwmtn 9 Juls laens
Uszgnalddeyausunarunensalainnsugnening1siuiuwuuinass
DWCM Fadukuusnassnianwazidu Distributed model unlglunns

ANANTTAl LAENAINAITAIANISANUINUS LU E9nTN 9 Tudl
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winrldulvluiiemaferduiuteyadudedn - Jagdu %qsﬁagami
ArAnsaiUs I g sannsatn lUlE luniseiuaai eUseiduds
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Samserafiuth tdun szé’uﬁwmugmauuu (Upper Rule Curve, URC)
ssm”uuy"wmuqmaua'w (Lower Rule Curve, LRC) wagid ubnaa
Uﬁﬂ’m’“msdwﬁmﬁﬁwﬁq (Long-term Benchmark Curve, LBC) oR
Hunasiindensadfvondunisusmsinnsinlusndielfiduuuimia
Tumsu3nnsdanisih svannsathuntisdudeyaativayulunisuinis
fanisihlurassvesinalnd sufududeyaatuayunisussiduds

anunsadlun1suuinisrunadladeliluewan

8. M3davigudeyauaziinsien

REHRRRRRGIENTING

Iaadunusiunudeyagleomaliviuadedd wa. 2563 uaglavi
nMeesgiteyadeiiuiinedouais uarmediades 1ndoyaiads
20981 30 U Turasd e, 2533 fa wa. 2563 Sasansiasigidauys
plioniauazUsinuhluusssmadmsumsindunans andeyaanni
ps1etans 4 annd Idun anrdasantagderniakaiu inesys
US¥IUATTUS waEnUBIngy wuldl 9nTeyasieiuyael w.m.2560-
2563 TutufiufoRnmsunars wui arwduduivsdmsudnlvgjoy
Turhsmuudiudssuing fevay 71-90 AwiEaa dndlugjeglugig
AuEeuTENing 11-20 uen dmuvTunaninlusseinmade dau
Tngjoglurassewing 71-90 uu. uazUSanhluusseiniagagn da

viey) oglurrasening 81-100 wy.

9. NNsAAT1IEinIsUanUasu i
LS AUNTEINAULUINIIATS UBU
WanT uriW et uuszdnsan

ASEUIUNTHANN WA

1) msvanUdesfedounszan Wnnnszuaumsunlnisudonas
Fadunafiunisnss (direct emissions) Aniduesas 60 vosn1s
UanuaesfinnsounszanstanunvosUjsinislunais uagidunis
UanUdesfnuieunszanniaden (indirect emissions) 3 afiadanniiu
nne sl iRmsdunaisdesay 40 fufulszavsninuesenia
g1u nspaulatuduufoins sukuumsuiRntg Wuussiiuddry
FaanunsodamariouszavEravesUfuRnsiunadauaznanszusiens
UanUdeeiiseunsyanlagnse

2) msvanudesfinaiieunszannisden (indirect emissions) Anfasn
Funinernsi lludfoanisdunarsuindesunnstafuid eaan
FulsrAvinsUanudesfmFounszanuanatetu uazySuansiildly
YR ssumarsunna 19y Tnsanseunansi d1dnyd sdanasenis
Uanuaeeireiiounsyan laun a1siunaiignsiou 1wy waadey
oonleduazunaidounaslse 14luduneunmaidedidan uay ansey

< S e v = & a0’ v
vagasidy Wy WudaisazgSy Ilutuneunislaud Wi
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3) nsidenidansiumat nsAIuANUTIaNsIdasHuvae dewasion
Aguounlans uivesduvas nndsulsenisldansdunarsliid
Usgandamunnduniensidenldansdunard ilArdudszananis
UamUdesfimiFounsyans mmm%wamm%uauvﬂmw%uﬁmmNu‘wmq
adlél wagBnsusuiuUiinasuildnnuftRnistunarsdenalagnse
GiamﬂﬁuaumwéuﬁmmNuwa’msduﬁ’u Imammﬁfuauvﬂmwéuﬁmamu
vl UseidinannUsunarudae33 Inverse Distance Weighted (IDW)
nduaanil Gaustin.e.2561 - 1./.2564 Siawwiniu 1,599.54, 1,505.68,
567.04 Way 2,458.21 kgCO, eq/A1UaU.4. AILEIAY, A1AITUBUNA
w3 wiveunalsiisaifiuannuSunamusnd sauatn.m.2561 - w.a.
2564 HAnviniu 550.73, 530.11, 258.05 waz 680.60 kgCO, eq/auavu.
1. AUAWU LLasmﬂﬁuaumwéuﬁmmNuwafmﬁlﬂﬁzLﬁuﬁnﬂﬂ%mmwu
AT Y (AT JAXA) AaudDn.a.2561 - .¢.2564 fAuvinfu

819.41, 1,185.75, 410.27 uaz 660.51 kgCO, eq/aMUaU.L. UGN

10. M133nvgudayaiiia ey

Yresnaula

Ipeenuuulnenaunaun1sdaiudeyauuugudoyanaiu Relational
Database 1iuadadeyagusuuadelvd NoSQL sUkuy Document-
based Storage eillitalvisossunisildsuntasedlaseaiisdoyaly

& v oA I3
DUIARALLASHUAUNTINLI

11. Wauszuutiesndulalunis

FAVIH WA

Isunszuvatuayunsdaaulalunisdavuunailsiieglusunuuiv
weUnainduiiiauedeyaiieatuayunisdndulaufoinisiumnadly
msfosfufbuduanmilndou Tnouvadumsativayunsufoing
roudufuufuinis nisdahssaiunanisufoing uazn1sdni

gnuazUnsveiuuing
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1. uni (Introduction)

1.1 unih

visnasanIuNsainsUasuulasanisuindenderalinsulunaluaznstun uas
Fududewinnside aun uianssy uazesdanufiievsuiasunszuunislunisyieauls
denpdesfununluvesanansaiiasuudsiulngliauddytunisudla Ty mssudadsiui
wardinsysannaieudmiumiasauiiiisades v nsuvauseniu nsuminensn uaznsy
n$nensiiuina Wewiudssavsnmuazanenndedunununisusmsdanmsiideiuiishenis
UftRnsHuvas naenswioandadoideuarteRanaraiiorfistuainnisufofou

ety wnua3dei Tamiuuniddeiliadeduluud 1 Yuagldmiuniidedededud
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LN URNM S uMaIlinuuug uazasoungung iy tauwn Hufinunsnssa wazitui

duq Meesnslrsinsdnyinduvalaegnsiuseansnmiiuanniy

1.2 FngUszaeAvain1sivY

1) Welnneiaamunmdagsuresnmsuiauaauiinluguuinimesys dmsunisraununis
U'%mii’fmmiﬁwL%ﬂﬂ‘yuﬁé’wmsﬂﬁﬂ’aﬂ'ﬁslwmq

2) \itousrgndlduuusransuindu-tnvin dmfuniseanisaiimiandusasssTiuay
NAFUHURANISHUMAS

3) iloUszgnilduuudansaunaih dmiunsUssdiutasnauasUinamsnauaauily
quiinssyiiitelfifudoyatugnilunisnunuy foanisHuman

0) iertauszuutesnaulalunmshHuaisdiniunisausunmsuimsinnsilugu
NYIUI

5) Usziliunadugnsveensviduraisioananudeslunisuiawaaui

1.3 Ustleviiiadnazldsu
1) Mavsediunadunyivesunanstulumaiuiulugimimes@itarudetiog
2) wadauarianslunsussdiufeiuiiuazdananmsnauaaudlufiufigud
3) ﬂfmjizLﬁuﬂ%mmﬁmﬂuamawﬂaLLazmﬂmiUﬁﬁ’aminmq
1) naluvansiwanAdelUiinU s A MLazUsEAvsaalunsyiruvans
5) szuvativayunsdaaulalunisdavislurans

6) UNAMNUITINITIEAUUTELNA/UIUIBF
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waznIsumULazUSuUTIMsiaRsanfianuuaz glenianinnud luauddedn 1 ieniuasuy
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D
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a ¢ A
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dulsvavSandunius (1) wirdu 0.72 uagsniiaesuesAadsnuinnaiaidsdes (RMSE) iy
1.8 asmieaiiea wasnansUssduiuiinzgnanndeyaoynsunainmdionuiteslugied 2558-
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