2\

=1
03

Q’733. 19%

A

FgualuaNyIal

NIWAILNTTUUAATIEITayaluvwIa g

[INDN13A LN UITUNITUIHITIANTITUN

Tog {928A1an3197158 A5.4n3 Aushayley wasane

9 v

AR 2563






v

=1

Q"a:n. 19%

gAYl

NIWAILNTTUUAATEdayanuvwa vg)

LINDNT3 LN UITUNITUINITIANTITUN

Tog JY28A1an3197138 A5.4n3 Aushayley wasane

AaAN 2563






Toyauanil SIP6230028

FeuatuaNy el

lasens “MsimunszuvIneideyaduruinlg [en15IUNLNUNMTUIISIaNIsn

VA v v o

AMZARAY 3

1. WA.AT.ans dugiyly ANEIMINTTUANENT THIAINTUUNTINETY
2. 5e.05.lnena duRsIIHUU ANEIAINTIUAIANT JRIAINTAUUNTINEEY
3. wedng analne ANEIAINTIUAIANT TRIAINTAIUNTINE Y
4. ween NeshlnsTads ANEIAINTIUAIENT TRIAINTAIUNTINE Y
5. wanudead 0o ANIEIAINTIUAIANT JRIAINTAUUNTINEEY

atvayulagdtinaueuenssunsdeasuIng1rans 338 uazwinnssy
AN UMTITUUAVIR Lag

WHUUENSAERSUIMENY AMUFIAN WNLIUNISUIISINNISUNTN 1






AU

s1euaduanysaivedlasints “nisimuissuudinsigvideyaduvuinlng
Wion13919uRLUNTUTMIIANITi” Taeguiuinisivinisuieguiainsaiumiing de
¥agunanisinwiveslasanissiussesiial 1 U (9 n.e. 62 - 30 a.A. 63) FsUsznausie
miﬁwLﬁumﬁ%’ﬂLLazﬁﬁumﬁmﬁﬁagamiwmﬂiaiﬁluiwzéy’u waznsiannalnfinUszansam
A15MEINTEl HIWUUNITaNNOUTLIATILAG NWP wagikuuUFuuily Machine Learning
Algorithms Litafiuaugndaslunisneinsal iielfiAausslosinanisuinisdanis

YIUIELNA

¥ '
] % ! =] =)

a v < ! a ! 7 4 & = < L4
nauddeniaduegredainseauatuanysaliduilagiionmiudsgle vy
AONUILIIUNINIATITNT BANTUNATRIdIUT DIdUTINDIUsEY19ulun1sdieedadI1us

munsnensaidayadulilszgndldiunisuimsdanisiilaegranunzay

PINUNLATINISIY

Aa1AL 2563






AnANssuUsENIA

N13AN¥1903lATINT MU SEUUTATIE AT YAl LA TG LIBN1TITIUHUIY

N15U3N15IANITUN  a1unsadiun1sunlamealusniieanuatedenluaiuynaing

[

wazn1satuyudayaluauide n19lAsin1s Yevuaguuilsunndiedulsenaunie

9 Y

nsugnfiendngl, NTulunaImarn1TTUNYAT, AMLIAINTTUAIANT JUIAINTUNVINGRE,

a1t uaTaUmANIWEINTUN, USHN Envision Digital International Pte Ltd

[
[

n1sdAnw1Asal Jelasu

>
-
al
=N
e
c
=
=N

25
=
ca
=
®
co_
-
Lo
)
See
Lo
s
-
+°
—
)
ol
Lo
>
S}
ol
i
)
.}
>
No
2
e
>
Lo
S}
=

AMNENTSUNTALASUINGIAIEANST 198 WATUIANTTY F1TNIIUNNITIVOLIVIF AT HNUIY

gnseanUIvNNg AUFIAY LHLIUNITUSIMTIANTUNUN 1

NNAMEHITYVOUAAIAIIUYBUANTNUILIY KNTIAUA WagHiNgIdeennviny
liausufioluedned gavinell vavroUANANEIAINITUAIENT QWIAINTAINNIINYIHE
dl ﬁgj ﬁgj dl L3 a o o U ! a
Mooiean1uil wargUnInlusenaun1side LarYeYaUAMEITNIIUANENTTUNTAUATY
W13 398 wazuTanTsy d1UNUNNTITERNIYIR wazknuuensaansidivune

v Y] a o Y A &
AMUAIAN LNUIIUNITUIIITIANITUIUN 1 U o I@ﬂ']ﬁu

ARIEEITY

aNAN 2563






unasudmiuduinig

1. UNun

= v A

Tuns@nw) “BHuIUN 4 N1SUIMITIANITUN” Ageiunnisusnsianisunlunin

o =3

MihuAnwIdeludaaiunisinnuuemiieusIvnis waeineides 1ewinningnsi
& LY Ao w ! a o = ! A £ &

Junsnensnddglunmsduasunisiauidseina dmbenumiieitemslunsensy, nsy, nes
Weaiu wazuenmiheau Janudndudendenlesdeyasenineiu sufeinwuazimuinaln
LAENTEUIUNTHILIWIRY Felulasanisiidiununieides laud 1) udnwinalnnisdanis
ASIEUN,  NISINATTUN, AIUABINISUILY A1FIRNITANUTALIIINNNITITUITENINGN1AEIY
LarsENIeu Auil, na1edn wazdatgdn siunesendneyuvuiuyuyy luiuf Eastem
Economic Corridor (EEC) fivlugvseansudnluiuinianziusenvoslsuneg 2) nanssny
nMsUsEndaiveatvanyunisaniunuvemiisnuiglunisiamuiuazansulszanans
a Y S v i a Y v oV oA = a &

UIMsdnn1siisunu Naruuimsdanstudadudsliiinisfnulusivasidentd 3) lasanis

o

WP 1LEIUDISsUNIaNann1sTAvNakas lulasUN1sEausSUaINAIAUSEY Y LiB991NIASINNG

)
<9
[ ' '
= a =

U5z NNUH 29N SNUNHRAILUILAZNSWEINT b UNISWRIL A UwUaINS U luNuRRdnansenu

1%
[y

UiArdes waz 4) nsasulugsie (Startup) mmeluladlmifunsusevdniuazssia
UimInaUssiiudsgAnsnmmslithiiaduayunisvhauuesniady
nsngnsaiiuianusndudeszuunisdnniminensiunazfufiudsdady
voamsdsndudnenini feduliinanegenuaansalunsinass sulufinsuimsdans
Tunngivhuusesowds ffeusnduiidedlifosaneinsaiuuaniruiignioassansa
Tnslawizegadenisdnnndeunarsrafviniifianugeuln a1nusuuiilnaidiens,
szoznalvaitn, Pranamuiisnng Ssnsenulasaswonuannsalunsdaassivendeu
uarnafiui uazamlaenfevesdenoaiisisaedie fduuenainisnisaiedeyadie
LUUdNaeInIeAdiaIansuad n1sdewnalulad Artificial Intelligent (Al) unldaiuayu
msnensaiadudnuuimaniefitisanauazfiudszansamainnisUszananauuuiiaes
Tunuuifiukuia3esile Machine Learning (ML) ﬁgﬂﬁwmﬁﬁumimaé"]ﬁu Fefuaifed
szinennalaLuudiassnnUIeuiisufumad Machine Learning wiatasunisviieny
wanfiuusydvsnm wieuduisilimaaesideyaildluidonlesiulasimsidoduiieatranisld

Usgleviiananddglinniign



2. dnguszena

1) e lATIasIamMINZaNYeY “TEUUNITIATIENYaLaNULIDNTITIUNLIY
A15USM59an151U0” Tueu Hardware, Software, Database wag Application Tun1sivaules
mMsvhausgnindunululasms

2) sUsuumliareiteyarunilulsslovidemhenuinieitouazdaula

3. YUABUNISANTEUIIY

SPUUNTIATIEN YU iBN1TIMNENUNITUITIANTE Wunsuseaiadeya

seaulan (Big Data) NUFIMYUS wazgunuuluaaiifeItesdnuinuinluseiunnouiimes

s

LUUYAAANIBLATaILNY185TTUA lla1unse Aesldasuiiatnedseau High Performance

[ '
v A ]

Computing (HPQ) lnasiosuendeyauavlssuinoenuniudeyaseiviiuiivaslussdudssina

muasunanuetasiluiotsaniuy “n1s@euleen1singuseninaiu” nsizddunuduias

Tun1susenna, Latumsusesndn wavUsunanisiu-dedeya Nilnasedsyaninmlunisieu
nsAANTSalHUsTEERUlagn e

[

wenaNdl “gUuuuMTiiasiEideyany” ieasiswuImanisilseuiisuiudeyasnads
Medoyan1nilen wazdeyaaniilly ieusuusanszuruntsiaeviteyadu Jalagund

N15ANANITAIUS U N USZI2EY AR9LT1NTLUIUNISUNR (NTLUIUNISUNA LTU NT2UIUNST

1%
Y

a i a v, aa % ° d' o

imigausineg deald) nivuseunarldszeziianlunisinnu lneguwuuninidasainisiaun
Wunsdieuwifn Artificial Intelligent (A Tngldiasasile Machine Learning (ML) @sagaie
anna1tunITiAsIgRleeudunseuIuN1TUNA kagaAANsNlaazlnu e Lnsn1ThYy

Usglevtiinunisuses/ausnidauiinisremhenuiineitesasiaula

4. ayunansAnen

[ A

WUIAANITUINITIANITUITILUITEATY Ao dan ntazUSaNugsmInausanengal

A
o

laarmheguaiud wagldnalunisailiunmsnauigaazyieln nMsusmsdnnisiviailunis

v a

UseulluaniunisaikasanadulalaeliniuaannAdouley 8YI8anNaNIENUINNENINTYDY

(%
Y

n3nensiile Matnisdenmeiindsnisatelundunduedsailawmuinisnensaltlussesdu

' 1%
a a a [ o o

LLa353‘EJSﬂaWQQSLTJULLU?VIN%ﬁQﬁQS?h‘EJL‘WiJ‘UiSEﬁVIﬁﬂ’]‘W‘UENﬂ?iﬁ]@ﬂ?i%i‘v\lﬁ’]ﬂiuq Tumuay

4
[y

gnded wazldsveznalunsuszuiadeyandua



(%
v Y

Bnsdndunumslasinslddeyarsiuand 2019 iugilunisine slduanm
Jileannsugnfiondngl, AsuunaIwaznIsiuNYAS wazanTuAN AU ANSNEIN T
wigltlunsnwiuaztidoya ECMWE Jaduteyanensaiorneaunldluns@nwinsweinsal
Inedayavszgnirunimunduluinanisneinsal 2 3ULUU @8 WUU Numerical Weather
Prediction (NWP) W&z wuuU Machine Learning (ML) fiawlSouifieunadns studeimun

ﬂi%‘U’JUﬂqﬁﬁsﬁl"JEJaﬂWGUﬂﬁqﬂaﬂwaqﬂ%aﬂﬂqﬁv\lEﬂﬂﬁﬂjLLaBW%’WSWﬂiIUﬂqﬁﬂﬁ%llfJaNa
& ¢ A o Yy  a
ﬂqﬁﬂﬂ‘l‘.’iqﬂquﬁlqﬂimU‘%ﬁJquuLWQWWUWIﬂi\‘]ﬁﬁqQWWiil']zﬁll

Tunan1sane) NWP 181 RMSE aeau3unainiely 6 $alussetalus Tneldnssmune
fmnzay Ao 0.5 uu. uay 9.2 1. muddU dmiuggudsuazagry Anuutiug1egi 97% uay
62% pudsu NsUseduldnsdanausinaiduniendinnueziden 0.1 osm aufinnas
Tudayan RMSE 71 9.2 1y, / 6 ¥l 1n91nwadnsvesiuma NWP WUURU wazveafinaulsyne
denlus azvinuegaminlulina ML ielsinadnsgavneussaaausiugl 70% st

Wag RMSE #1791 9 113l / 6 %3l ke nuansansinudnluea ML wereuuilvanneudaya

' 1%
o

fA1UTunandalugandung wazazngieuauteyalunntdesissyauuni uagilleiguiy

=

USinauruanniinisly Machine Learning vinliAadeusinasunnanlialnalAesivanil

WNNIdeyadn NWP usminiiansunaindeyasieaniives Machine Learning 3¥nuindeya

v v
4 v £ v

alindedluns Nwp annnideyaaanil ilesndusuatuvesteya vistoraasulsidesiui
foyanawennsaiaglidmeudsiuilifinimeandfidauseulmvosdeyauinniy
nsadunuingusvasduazidningvedasinisilulanauinisyitauiu Hardware,
Software, Database Way Application ﬁqmﬂ%’szwLL@J%iwaiuﬂﬂiianamLLasz‘%au%’a;ﬂammﬁ
Usnglusisaruundl 3 msld Software, Database uaw Application Tun1siasigsiiusng

Tuund 3 wazunyl 4 Weduasendeyaliiinnainsvedlasanis
nslduszlevunadiasizvidayanu

MLASINTSAIANISUSE LTI UAN s NS NaN S AN e liAUndI8 Y Fantasanu

Tanuaulanisiuneda ML 19 ilpsainiinislansnennslunisussunanantiesnin ¥inlile



AuAaiulunITELIRRILIUITe Taglanisuuinieesnisuewnata ML unldlunis

wensaliiduwiniwesnsnensaiennaludagiu

wanninelasesnisliidrsinysequiundusu CO-RUN filuaunisfnuisauiu
voanguanited 3 MiertestudomisUssnumstvinlvadidou wiiludegtuteyanin
Furugsldlahdnluldlunsinulungy winnsivauldlianudadiuiasn3esiuiuiivnu
wensafUTinasuaramth 14 3u TuBemaia ML Aaunsaifuusslenisenisneinsalvesngs
ol siluowanenafinisinunislissleninszuauns ML lunisdesennisinueudin

AsNeInTUSUIMH LAY 14 Ty wiedlelinisuseiiudssuiadivinlvaltneny

TAMUNINUNNNEITUY

5. daidusuus
) assbindsnuiiiudeyadiudiuruaaiinusuadussduiuiliuiniy
Weasnanuvuikiuesdeyalagtuieiliiisanedenisiaminisneinsal

WU I UBUNAR

2 easbilinsdaiudeyanisnensalvesniissulagiudaiiudoyadiuysau
WU AN, ANTY kazANNAeINA Feagluluiaanisneinsaiainia

(%
o

wsztdutladendeainundnulunisweinsalilusee iy

3 esiimsAnwidniaalunisiiendeyaninaieariisukavdeyaliaig
TunsfnwdsunasuuaznisanvaudaiuiliieasudeyaUsuaeunaniil

AN



Executive Summary

1. Introduction

In the study of "Fourth Water Management Plan" focusing on water management
as a whole, the research was carried out to promote the work of government agencies
and related parties. This is because water is an important resource for national
development. There are relevant departments and divisions in the Ministry and outside
agencies. It is necessary to link information with each other, including studying and
developing mechanisms and processes through research. The project is involved in
1) the study of water use management mechanism, water allocation, water demand,
conflict management of water use between sectors and between upstream, midstream
and downstream areas including between communities and communities in the Eastern
Special Development Zone (Eastern Economic Corridor-EEC), which is the main strategy
in the eastern region of the country. 2) The impact of saving to support the government's
water supply operation and reduce the water management budget, the cost of the
management work at present has not been studied in this detail. 3) Government water
development program that reduces obstruction and is not accepted by the public
sector. This is because projects of this type require development areas and
development resources that change the use of water in areas that affect the
stakeholders; and 4) investment in startups from new water-saving technologies and
water efficiency assessment services that support government operations.

Rain forecasting is essential to the water resource management system because it
is an early variant of water capacity assessment in both volume and allocation capacity,
as well as management in floods and droughts. In particular, the management of dams
and reservoirs that are sensitive to the flow of water into the basin, the inflow period,
the period of rain that directly affects the water allocation capacity of dams and

reservoirs, and the safety of the two buildings. Therefore, in addition to creating data



with mathematical models, the adoption of Artificial Intelligent (Al) technology to
support forecasting is another way to reduce time and increase efficiency in traditional
model processing through machine learning (ML) tools being developed sequentially.
Therefore, this research compares modeling techniques to machine learning techniques.
In order to enhance and increase efficiency, we have also experimented with data that

has been linked to other research projects to maximize the utilization of research.

2. Objective

1) To develop the appropriate structure of "Rain data analysis system for
planning and water management" in the field of Hardware, Software, Database and
Application of working links between the project segments.

2) To develop a Large-scale Rain Data Analysis model that is useful to the

relevant authorities, agencies and interested parties.

3. The implementation process

The Rain Data Analysis System for Water Management is a global data processing
system with many variables and related models at a level where a human computer or
a conventional server cannot. A High-performance Computing (HPC) computer is
required, where data must be separated and processed into regional and national data
respectively. All this has to be designed for the interconnection because cost is
the processing power, processing time and throughput that directly affect the
performance of short-term rain forecasts.

In addition, the “Rain data Analysis Model” to create a comparison with
reference data, satellite data, and rain station information to improve the process of
analyzing rain data Which is usually forecast for short-term rainfall Must be undergoing
normal processes (Normal process is a process used by various departments) with
a process and take time to work. The model developed by the project is

the implementation of Artificial Intelligent (Al) concepts using Machine Learning (ML)



tools, which reduces the analysis time compared to normal processes. And the
knowledge gained will be disseminated for use through meetings / workshops to

relevant agencies and interested parties.

4. Summary of the study

Water management concept The most important parameters are conditions and
precipitation, which, if can be predicted accurately in advance and the shortest time is
taken, will help. Management has less time to assess the situation and make decisions.
Will help reduce the impact of the condition of water resources In this regard,
the introduction of modern techniques to develop short- and medium-term rain
forecasting. It is one way to improve the efficiency of water resource management.
In terms of accuracy and a shorter time to process information.

The project implementation method uses the original data from 2019 as the basis
for the study. This received cooperation from the Meteorological Department, Royal
Rainmaking Department and Agricultural Aviation and the Water Resources Informatics
Institute for use in studying and applying ECMWF, weather forecast data, used in
forecasting studies. The data will be developed into two forecasting models, Numerical
Weather Prediction (NWP) and Machine Learning (ML), to compare results. Including

developing processes that mitigate forecast errors and processing resource.

The study of rainfall forecasting to develop a suitable structure.

In the results of the NWP study, RMSE values of 6 h of precipitation per hour were
used using appropriate configurations of 0.5 mm and 9.2 mm respectively for dry and
wet seasons. The accuracy was 97% and 62%, respectively. The assessment used
satellite rainfall observations at a resolution of 0.1 degrees as agreed in the RMSE
contract of 9.2 mm / 6 hrs. It was derived from the results of the raw NWP model and
the Singapore team will work hard on the ML model to achieve the final result achieving
70% accuracy on target and RMSE below 9mm / 6h, and according to the study, the ML
model tries to correct the data that contains precipitation. Higher than normal And will

try to reserve low rain data to normal levels And compared to station rainfall, using

@



Machine Learning made the average rainfall for all stations closer to station than NWP
data, but considering Machine Learning station data, the data was more inclined towards
NWP than the data. Station, as it is the original information. It may be preliminary to
conclude that predictive data provides better spatial answers than the more sensitive
stations.

Implementation of the project objectives and goals allows us to develop and work
with Hardware, Software, Database and Applications including the use of a server system
to collect and prepare data as shown in the report Chapter 3, Software, Database and
Application usage in analysis. That appear in chapter 3 and chapter 4 to synthesize

information for project results.

Utilization of rain data analysis

The project has organized a workshop that disseminates the results of the study to
the departments. The agency is interested in implementing ML techniques because it
consumes less processing resources. Making it possible to get opinions for research
development In particular, the approach of applying ML technique in forecasting as a
guideline for current weather forecasting.

In addition, the project has attended a meeting with the CO-RUN, a joint study of
the third research group on the estimate of runoff into the dam. Although at present,
information from the team has not yet been used in working in the group. But the team
gave opinions and discussed with the team for forecasting the precipitation 14 days in
advance about the ML technique that can be useful for the forecasting of the group. In
the future, the utilization of the ML process may be studied in an extension of the
ld-day precipitation forecasting study to further advance the assessment of runoff

estimates.



5. Recommendations

1)

The data collection agency should increase the number of local rainfall
measurement stations as the current data density is insufficient for future

spatial forecast development.

The forecast data of the current agency should be stored and other variables
such as temperature, humidity and air pressure should be stored. This is in
the weather forecasting model because it is a factor that must be studied in

forecasting short-term rain.

Further studies should be conducted on the use of satellite imagery and
radar data. In the study of rainfall and spatial precipitation in order to

supplement the rainfall data from the measurement stations.
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Abstract
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In the study of "Fourth Water Management Plan" focusing on water management
as a whole, the research was carried out to promote the work of government agencies
and related parties. This is because water is an important resource for national
development. There are relevant departments and divisions in the Ministry and outside
agencies. It is necessary to link information with each other, including studying and
developing mechanisms and processes through research. The project is involved in 1)
the study of water use management mechanism, water allocation, water demand,
conflict management of water use between sectors and between upstream, midstream
and downstream areas including between communities and communities in the Eastern
Special Development Zone (Eastern Economic Corridor-EEC), which is the main strategy
in the eastern region of the country. 2) The impact of saving to support the government's

water supply operation and reduce the water management budget, the cost of the



management work at present has not been studied in this detail. 3) Government water
development program that reduces obstruction and is not accepted by the public
sector. This is because projects of this type require development areas and
development resources that change the use of water in areas that affect the
stakeholders; and 4) investment in startups from new water-saving technologies and
water efficiency assessment services that support government operations.

Rain forecasting is essential to the water resource management system because it
is an early variant of water capacity assessment in both volume and allocation capacity,
as well as management in floods and droughts. In particular, the management of dams
and reservoirs that are sensitive to the flow of water into the basin, the inflow period,
the period of rain that directly affects the water allocation capacity of dams and
reservoirs, and the safety of the two structures. Therefore, in addition to creating data
with mathematical models, the adoption of Artificial Intelligent (Al) technology to
support forecasting is another way to reduce time and increase efficiency in traditional
model processing through machine learning (ML) tools being developed sequentially.
Therefore, this research compares modeling techniques to machine learning techniques.
In order to enhance and increase efficiency, we have also experimented with data that

has been linked to other research projects to maximize the utilization of research.
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https://data.tmd.go.th/api/Weather3Hours/V2/?uid=api&ukey=api12345
https://data.tmd.go.th/api/Weather3Hours/V2/?uid=api&ukey=api12345

Yayan15UTEaNuAINLNINA1ITE 9INNTUEN TN
Weulusunsuvimsdunindeyasigiuain website
http://www.satda.tmd.go.th/all_gsmap_csv.php aglusunsuagiinauyniu Juas 1 A5 uag

Guitndeyaadlula csv

©0Z23FEB2020
Lat,Lon,STATION,@0Z,01Z,02Z,03Z,04Z,05Z,06Z,07Z,08Z,
19.30000,97.83333,Mae Hong Son, 0.0, 0.0, 0.0,
18.16667,97.93333,Mae Sariang, ©.0, 0.0, 0.0,
19.96139,99.88139,Chaing Rai, .0, 0.0, 0.0,
19.87083,99.78278,Chaing Rai agr, 0.0, 0.0, ©.

19.1333,99.90000,Phayao, 0.0, 0.0, 0.0, 0.0,
18.77127,98.97255,Chai Mai, 0.0, 0.0, 0.0, ©
19.93138,99.04833,Doi Ang Khang, 0.0, 0.0, 0.0
18.77972,100.77777,Nan, ©.0, 0.9, 0.9, 0.0,

5UN 3.1-2 yadeyaussanafHuaInNa1Iigy

YoyaannveIUTuaruIIY 1 92119910 AWS
Weulusunsuvimsdunindeyasigiuain website
http://www.aws-observation.tmd.go.th/web/aws/aws_alphanumeric.asp laglusinsuag

aunniu Juae 1 a5e wavduiindeyaadlugiudeya mysql

| Alphanumeric

I «» Region | Central v | Station [ 0037. BANGNA Agrometeorlogical Station v || Gbserv. - Every 60 I v | Date |2020.02.24.09:00
P e |
| e g e e A R
@ Alphanumeric B Gathering data by time slot [ 37 BANGNA/ 2020/02/24 09:00 ]
X wind Temp Prec  Pres  Humi Weather

Date WD ws | Su 3 D2 pres. | Humi | Vis .

(Deg) (kmh) | (°C) | (mm) (nPa) | (%) (m) (Identifies)

24. 09H 100 E 40 348 0.0 10091 30 13040 No Precipitation

24. 08H 109 ESE 76 347 0.0 1009.8 33 11825 No Precipitation

24.07H 129 SE 76 34.2 00 10112 34/ 10791 No Precipitation

24. 06H 154 SSE 9.4 33.3 0.0 10126 35 13036| No Precipitation

24.05H 139 SE 83 326 0.0 10141 36 9616 No Precipitation

24.04H 87 E 137 31.5 00 10150 39, 11104 No Precipitation

24.03H 65 ENE 13.7 30.2 0.0, 10154 42 11029 No Precipitation

24.02H 129 SE 6.8 29.3 0.0 10150 46 11594 No Precipitation

24 01H 131 SE 58 271 0.0 10141 51| 12672 No Precipitation

23 24H 145 SE 58 250 00 10135 59 9436 No Precipitation

23.23H 141 CALM 11 239 0.0 1013.0 64 10552 No Precipitation

23.22H 163 CALM 11 239 0.0 10125 70 9985 No Precipitation

23 21H 141 CALM 11 239 0.0 10125 69 9453 No Precipitation

23. 20H 99 CALM 0.0 246 00 10125 65 11385 No Precipitation

23.19H 135 CALM 14 253 0.0 10131 65 10216/ No Precipitation

U 3.1-3 wihuled AWS
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i stationld V3| G dateTime L i 123 windDegree T1|*€windDirection 71 | " windSpeed V3| “Stemperature V3| 3 rainfall T3 23 pressure 11| %5 humidity 13| S visibility T3
1 2020-02-11 00:00:00 41 CALM 0 198 0 9787 79 11238
1 2020-02-10 23:00:00 14 CALM 0 19.9 0 978.2 77 13,655
1 2020-02-10 22:00:00 358 CALM o 203 0 977.8 76 15,604
1 2020-02-10 21:00:00 190 CALM 0 205 o 9775 74 18529
1 2020-02-10 20:00:00 118 CALM o 209 0 9774 73 18893
1 2020-02-10 19:00:00 293 CALM o 217 ] 977.7 69 20,000
1 2020-02-10 18:00:00 141 CALM i} 225 0 978 66 20,000
1 2020-02-10 17:00:00 226 CALM 0 233 0 9782 64 20,000
1 2020-02-10 16:00:00 132 CALM 0 244 o 9782 57 20,000
1 2020-02-10 15:00:00 208 CALM 22 264 0 977.7 48 20,000
1 2020-02-10 14:00:00 237 CAM 29 26 0 9771 51 20,000
1 2020-02-10 13:00:00 245 CALM 0 259 0 976.2 54 16,198
1 2020-02-10 12:00:00 323 CALM 0 271 0 9754 49 17,290
1 2020-02-10 11:00:00 200 CALM 0 299 o 975 40 19,138
1 2020-02-10 10:00:00 222 CALM 32 333 0 9749 31 19,726

JUN 3.1-4 fregedayaiivled AWS

ilosandeyaann Aws 1unnsiuteyaannanifennauuudnludi@ sinlimisiiuay
Fududomeaeuanindedesdeoya Inuns viin1s Export deya TMD waz AWS ennuiy
g Csv wagvhmaideulsunsufionisuifioutoya Ineditunaudsil

a.  danguieya AWs Wieglurag 3 Saluawiiuteya TMD

b.  ¥n15 Map @nfiues AWS Auaaiilves TMD lagly lattitude waz longitude

. yhmsdndeya recode Mnaneglunanieafulinsety

d. Muum recode MHumnlutoya TMD u3o AWS

e. Munumdsnaitinduanits 2 doya videtalfiftesidlatmils

f. 1h recode fifimsinrusmamuldluimsmanuunnsiiswesUSinasusEning

TMD Uag AWS 91835 Mean Absolute Deviation

o. Uufinwa lnunaans

- Jgywnnu
1. vanndves AWS luflanfinnsaduly TMD

2. uanndlufiruan vi5e Jelunniae

3.2 VagauAusIUN1SAsdayaaIn server ¥as envision WU sftp

- ANTALHUIU

Weu script Aadayanu sftpaielusinsy winscp

\ASDITle nanils
Instant YU Microsoft Azure 45 Y9
161.200.80.121 9 4hlug
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- Yeymding

1399 161.200.80.121 2199E/UU Network #1A21u152 download sisuthatieeyinlild
a1y e19liaunsaldifuiadesdmivdrsesdeyals lesanndeyaazgnaiielng
Tuyne 6 9lus

Hagtumslasanisldidenlduinisues Amazon Web Service (AWS) Fsmauiunisuelu
ueTIANELINGed Iagldviinimeaeufsteyavinuivisuseniinide lnewleu script

Aatayany sftpaaslusunsy winscp ewaiila

RSN bY VIR Y

EC2 instance uu AWS ‘17i Seoul 90 W

3.3 afdeyaivuinaldluntsnaasslusunsudiudaya

- ANSANTUIU

aseteyanusznaume

P Attribute ABgUNY
1387 naniinensal Tnsazduamng 15 wifdamih 3 fu

Latitude M1 Latitude Mogludszmelne Tnefidrmng 1 Alawns
Longitude A1 Longitude flagluuszimnalne lnefvamne 1 Alawwns

Attribute 1 TRTLIGH

Attribute 2 TRIRLIGH

Attribute 3 TRIRLIGH

Attribute 4 TRTLIGH

Attribute 5 TRIRLIGH
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\Duriniay

P,

Py Y ITR

JUN 3.3-1 vauiunnsAnwUsenalng

3.4 vaagsEutaya

- ANSAINU

a A v PN A v v v = v
Jeuluswnsuiesudeyaiiieunasiald wastuiindeyaatly mongodb

wanlumseudeya 10 3% vio 1 W@
wanlumsduiinteya 2 w1t sio luid
Ram Y 900 MB #® 1 thread
- Ugmainu

1. TUswnsuld ram USunauunn

2. dedeyalu mongodb UTHNaNNTW mongodb Y ram inAusIe
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3.5 n1514 Machine Learning ansun1swannsalnly

Tutagiumalulagaunisyin Image Processing fiaufinaniduegisnn tnsaniz
n1519 Convolution Neural Network 1134A51%ANE18 13U N15A5I93UTRgA18lunIn

MITUNUsTIANAIN WiuaNasBenguan 1Dusy

Low resolution High resolution
Image Image

Convolution Neural Metwork

35U 3.5-1 feg19n15lY Convolution Neural Network tilaiiiumnuagidengunm

Tunisnaaesll ieiiualuLdugIvesnIsneInsalusutaey 15198Ussynald
Convolution Neural Network tiatndeyanisnennsaiannia (Low resolution) H1A1UIY

[

Usganausluianuuiud (High resolution) Tngazuisiunaunisinanudy 4 Tuneu Al

3.5.1 w3gudaya Input

Tuduneutiazidunisesey Input Tagldlunmsvihneunaruuuiug lneazidideya
wensele1n1Ean Hil Ml grid Ussunas 9x9 nu. 111013 Preprocess Tiagluguuuu 3D

array ARNEFUAMN

bule

5UN 3.5-2 fregitayasuninluguiuu Array 3 iR
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35U 3.5-3 /18819713 Preprocess Toya oy Lialae) iegluguuuu Array 3 16

3.5.2 ssudoyausunamiuiial®idy Target d1w3U Neural Network

Latitude

Forecast data

at 01:00

\

f

i

L7 7 7

L7, 7

L

Longitude

|

|_——~precipitation convective
precipitation large scale
[———surface air temperature
N:"“*-—relative humidity at 2m
tsurface pressure

AN sea surface temperature

mean sea level pressure

luduneutazideyanensaluSuraruain TMD Ml grid  aun 2x2 nu. ieglu

JUWUY cvs 11 preprocess Wiagluguwuu 2D array

&
at
5329208
5329208
£329208
5329208
5.329208
5329208
5329208
5329208
10 5339208
11 5329208
12 5329208
13 5329208

M 0D U e Lk B e

3UN 3.5-4 619619015 Preprocess Yayans.iailae Wegluguuuu Array 2 i

3.5.3 6319 Neural Network §wiuuszanauusanasuaanudiumisannil

B

lon
9609002
96.10854
2612705
5514558

61641
B6.18262
9620114
9621965

$5.29374

anileuingn

E

06:00Z 27 07:00Z 27 0B:00Z 27 09:00Z 27 10:00Z 27

a

OO0 o000 000

Q

OO0 D000 DO o

L

OoOoO00000000

0

o000 00000

D000 00000000

|::> Lati

tude

Forecast data
at 01:00

Longitude

Wnadwdy mm

Tudumeauilagitnisaine Neural Network tiveAwiuUuiauSunadugainnusian

anntlgeieuinen
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3.5-5 siuvisanilenilesinen

Station1: Omm
Station2: 1mm

5UN 3.5-6 fegednnaunisne1nsaluTinamy 3 FiluatimeiulagiuinuTunanuinn

UShaantlanfieninen

Sualge model iaifuazanin

#1U7IU error

OO

O

Y

output!: Omm
output2: Omm

Station1: Omm
Station2: 1mm

5U# 3.5-7 a5unemsieaures Model

_

oA UTInasuinnusnaantandouine)

nsafrdeyalTunanuaniiainanninsugnlouningrdounds 72 43lus lagns

ihdoyananinsivinanuazeINasie 3 Falusainnsugailesineundngy Array 2 3R
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Station n

| | | | |
| | [ | |
Oh -3h -6h -72h
e Station 3
Station 2
Station 1

5UN 3.5-8 N133AN13URLANANIINTIVINGNWAULRINA

JoyasrunouraInIsNeInIalonnia lagdnasuvesdeyaneinsaienauUaslviegly

dnwalz One hot encoding

LRz 1 2 3 4 5 ] 7 8 9 10 11 12
UATIAY 1 0 0 0 0 0 0 0 0 0 0 0
AUATAUS 0 1 0 0 0 0 0 0 0 0 0 0
TV glob 0 0 1 0 0 0 0 0 0 0 0 0
mau 0 0 0 1 0 0 0 0 0 0 0 0
WETATAY 0 0 ] ] 1 0 0 0 0 0 0 0
figunzu |::> 0 0 0 0 0 1 0 0 0 0 0 0
AsnHIAN 0 0 0 0 0 0 1 0 0 0 ] 0
FmAy 0 0 0 0 0 0 0 1 0 0 0 0
fumou 0 0 0 0 0 0 0 0 1 0 0 0
BEREH] 0 0 0 0 0 0 0 0 0 1 0 0
wWaASIneu 0 0 0 0 0 0 0 0 0 0 1 0
guAN 0 0 0 0 0 0 0 0 0 0 0 1

3UN 3.5-9 msulasieyalviegludnuag One hot encoding
3.5.4 519 Neural Network d1%5uvnu1gusuIauruuunu

Tudunoutiagyhnsadia Neural Network agvhmstiioUssanmusufinnuuiiug
TnenenensliUsinasuiinniviinanssiuiiinldfanignieuine Taelddoyadsd
- doyamensaiviinasidanuaziden 3x3 nunn 1 $alus damih 72 $li
- doyauunamuananignioninerdounds 72 Halus

- UByasTyLAuYRINGINTAIBINTA
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\Ju input dw5U Neural Network uaglddayananisnsiaindnvauzainiasie 3 4alus

nnsueRieinenivasianssiuteyanensaivsunaruilu Target

A urastaya |
wenasal

ER P

000000]
000000

ﬁﬁﬁFE$ ETE%E::ﬁ

Tanadusedani
dauvds 72 i1l

o o)

1anadusedni
aromi 72 121 Tue

wennsaieu
3x3 nu

%
(0 00] [0 0O]

[ele
(0O

wWonsalamMA
arovi 72 2T

35U 3.5-10 85U18N15¥1191UB83 Model dvsuvinungUsinanuuuiug
3.5.5 n19dau Neural Network

n3@eu Neural Network 9ziuanmsuisyadogasenidu 3 dw laun

1) Training set 19daya’uil 18 i1 25 vesmniiiou

2) Validation set T¥¥oyatud 4 fa 5 vowmniieu

3) Test setlitoyatud 11 s 12 vemnifon

Taglunisaouazld Training set Tunisaeu wazluseninenisaeuasiinisiang
#18 Validation set iflonsa9seuin model overfit Auyadoyaviels min eror vuyadoya
Validation set liianassioiilea 50 seulviiodn model overfit fugadeyaud Tvinismyaaeu
model wazld model version #1l% error Uuyadeua Validation set Yosfigaidu model

dusuiananald
3.5.6 N15IANA

NTIANAALYININITIANAUU Test set IABAIUIUAT mean square error U9 output 310
model AuUTnaruinlaasanandentisnine iWisuisuiuusunaruidIwIuan grid

g v A v A Au vy a
Mndandnaniuusunamnunialaas
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4.1 AINTINVBIAMUAUNTNLATINAG

s

fiifesugfionniaanusenadsalud dansussquimuaninilefuil 14 nuaiwus
2563 d5UlATINIIAMNTINLAUHIAINTAUNNINGIFBUAZUNAUDUNUNITVINUBE 1A DA
Yoy Q1 dn1siandnasslsznis Usenisusn Ae ﬂ’]iﬂiz“qm%\‘iﬂﬁﬁamiﬂ%ﬂLLiﬂ‘ﬁ%ﬂ’]Lau@
watla MRdeauglienniranUseinadaalls lunisimuineinsalenniaaiuasidengs lngld
WUUd1aes WRF  uagdsnisldiagnisesnuuuiuuuu Machine  Leaming dwisun1snensal
9 ne Usznnsfiaes Aonisfauiszuunensaianimeiniadeiaiay (N\WP) dmiulau
Ussnalneuazdnnudtinusinaidudierinisifiudssansninsely Tulasnadl 2 a1sia

nanigunsgudaya NWP duiunisimuinuudnass Machine Learning Wagn13Waiun

WUU18839 Machine Learning

N15UsETIUUAN1TATUINVDINITATIMUUTIADY NWP kag Machine Learning

gnimualbilufnuanisuszaun wazdoundnisusuilasuguuuunisuseguniunisussyu

1%

mslnaluiuil 26 furew 2020 Fsddedugiennimanysenadenlus leldanuwetemogig
wnlunswsufanssuisufedonisussens Bnam ML fidrsaund 30 auainguiasnsal
umIne1dunazmizeunaizaug luussmalneidniuszyndaufoanns lunisata
wuudaadlasnadl 1 ves NWP uagnsufulimnganlddiiunisienmsimunaiivangas

doauuunl Mvuaniawuudmiugguas uasdndudwiuggeu

Tupaunigveelasuian 1 1 J1ru1899991UA8ULUAIUIINNTAS1ILUUII809 NWP

[ a

Wunsiurdana3tu ML lluiundsainiifiueusudsdjuiinis #uidesrugieiniaain

Y

1Y

Useinadealus ladidiusinlunisieseuyanisilneusudimiuniswauidanasiu ML

n13A1ANISAITILRAAINLRaulaAREaNYI9IAT Fannouugnsalluanvtndmtnunlul

Y

2562 d@urunnniuiune vieliiimgnisallunnsiuegiieuiugdanessy ML a1u1sadl

AegepduANudauna Tudn 1-2 Weoudwindane3tu ML agTusgiuauniiuasaAiuiy

danesfudmivUsnauazgnasuluiuseuliguiey 2563
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4.2. MsUszyudeUfuRnisasausn

TayavoIn15Usegadaluanisiasusiuans Tasaniznisigeulesludailanm

YaausaivatuITgnINGs Lagn sieuleiignaesauninvdugavedlasinig

Sudi 1 : 26 Tlunau 2563

b398

#i79815049

HUTTENY

08.30 u. - 09.00 .

ameideu

09.00 u. - 09.15 .

nanlansUsyyaBaluRng

Assoc.Prof. Sucharit

Koonthanakulwong

09.15 4. - 09.30 wW.

Wasukaglimkugti

Mr. Henry Tay

09.30 u. - 10.30 .

- ﬂ']iﬁ%INLL‘U‘U’ﬁi’Wa@Gﬂ?i‘WEJ’]ﬂiﬂj@’]ﬂ’]ﬂ

LIAILAY

Dr. Sun Xiangming

10.30 u. - 10.40 wu.

N

-nMINIneImansteya Muideniu

10.40 W. - 11.40 u. Dr. Lin Miao
plimanUseinafenius

11.40 W. - 12.00 u. ayunisuszau

12.00 u. - 13.00 w. WNFUUTEUDIMITNANTY

13.00 u. - 14.30 w. 1% Machine Learning Model Dr. Lin Miao
\enswennsalonnie

14.30 4. - 14.40 U. A

14.40 u. - 15.40 wu. 013 - AU Assoc.Prof. Sucharit

Koonthanakulwong

15.40 u. - 16.00 wu.

asunsUsEyRaufURnIg

(Boud 1)

Assoc.Prof. Sucharit

Koonthanakulwong
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Sudt 2 : 27 Sunau 2563

LN wdaize Fusseny
08.30 1. - 09.00 1. awmzidyu
09.00 U. - 09.10 u. “UiiEJ’lEJﬁiq‘U‘*UENmSE]UiiJﬁE]u%ﬂ’I Dr. Lin Miao
09.10 4. - 10.30 . L%a%’ummamﬁ 1. Teluiea XGBoost | Miss. Hao Yunlu

dmsun1swennsalennia

10.30 W. - 10.40 u. N

10.40 . - 12.00 u. 14 Deep Learning Model d@15u Miss. Fan Xiaotian
MMINLINTAIRINIA

12.00 u. - 13.00 u. WNFUUTENIUDIMITNAITIU

13.00 4. - 14.30 U. watunnaeadi 2. 14 Pytorch @y | Miss. Fan Xiaotian
MMINEINIAleINTA

14.30 U. - 14.40 u. N

14.40 u. - 15.40 wu. 014 - MU Assoc.Prof. Sucharit
Koonthanakulwong

15.40 u. - 16.00 u. asunsUsERgaufURnIg Assoc.Prof. Sucharit
waznIounsiusely Koonthanakulwong

4.3. M3UFusu NWP
4.3.1 gaus

JuaawatsulasIn1sluLAauNNsIAY 2563 A3 Envision baving1uLdgIfiuni1saamn

wuUd1aes NWP wagn1susulimangaunuunuiigld Useniswsnassdaanan 15 Julugguds

wazggrugnideniiiedumnisiviuaaluna NWP fwuigay uaseauysallugnvaieifiou

= 1 [ S = o A = a £ A o [ ° [
duAy 2020 INU’]UWQQ‘Mﬂuumﬂﬁiﬂﬁ%‘l\l@ﬂ’]‘ﬂL‘VIQJ’]SﬁQJLW@LWiUNﬁ@%@@JaV}ﬂ’]LU‘L!?!’]“VW‘U

Y

(%
Y |

msfaunsanedfiu ML ilesanmsvensnaidusnuiuvessealngluazfganus 4 aaem
wmilefia 22 psaluarign yuasnsalumine deiauslinsavasunisifiuuszansaimiuen
samndwisuneliveslsumalneuasnuiasdniunslulasnad 2 nuduiifeitestu Nwp
fuldsunmssesteaingwiatnsaluminedefiofinssidnunsnisgrdeuineluuinadou
sz Tusnidsandonanasuasnsaym muastauysaliounisussgadsjiRnnsadiusn

Aasurelngazdenuadluma NWP kazaudasieiinistuinilunienuin @ wag A
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4.3.2 finga

v Y

Mu3dearugiionnimannUseinadenlus adnuazidends (3 km. dmsunisusulv

Y

WILNEAULAE 1 km. d1915UN1599d9) B399 UUURNanWasy EnOSTM 9849 Envision Hulasy
NsMmUAAIHIUNlAUANkansluIUN 4.3-1 1ng5Iuudiiva eviiuLnumean wagn1snsey

YAUeyanITHNoUTY

2019051100-2019092300 {mm} accumulated rainfall (mm)

18N

16°N

12°N

98°E 100°E 102°E 14°E 106°E 98°E 100°E 102°E 104°E 106°E

RN AR | |

400 600 800 1000 1400 200 400 600 800 1000 1400

JUN 4.3-1 9390981 3 Loy avanuSunauinuves (@) Msdaunanisainiiies

way (b) MINeINTAIBINA

Tunaldnnsdmund fuddesugiiennirandssimagenlld Ausulmmnzauign
dwisuggrusnedeyanisiuiangudneinsalenmeluglsy (ECMWF) JUT 4.3-2 uansszeziian
aafiouiiden (53 94 Ju) Alimsdamdsunisaanisal 72 $alus rsnanfananlisuidon
THsaumgnisalduanuiunans wagndnuniigawinfiaziduldlsidesaniianudfy
son1sdanisun Yiuadiluuisdiunazldfivgnisailunnsaseglugiamgnisaiduan

WnUluy

05.10 - 06.05

2

35U 4.3-2 Sub-select 8821181 3 oy dwmuniswseuyansinausy

dmFunisiaiun ML algorithm
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4.3.3 n15UseLUNE

n1susgifiulaandunisiagldnisdunaUsuiauiluainaiiieutazaiugnaednes
USUutE U199 L UIbaT ANLRATBIAINUAAIALARDUNIAIEDIUBIR1519 (RMSE) dnsuUsuna
P UITIBTILUS 6 TIUIPNUAIAU 81.7% Ay 7.2 Y. A1SAIUIUANULLUGIVIUTUUUINY

etluatiuldauns 1 auansuansvnanidulunisen 4.3-1

M15197 4.3-1 Roulanldaruny

Aatodane
19 14l
Ao \
= | o a b
v
g 1
c [y c d
&
A at+d
ccuracy =
. atb+c+d
Ny
a: HATINVBUMANITA! YES iAnanisalognegneias
b: LU UNATINTDINSABUAENRANAIATBLMRNIT8] NO
c willeuiunasINvaungnIsal YES Ninain
d: willouiiunasanveamnnsal NO fenan1salliignses
H: A+c*(A+B)/(A+B+C+D)

winn1gal YES: 8ns1sluiiiunseninndn 0.5 ua. /
lifiwenisal:  dnselutdosndn 0.5 uu. / ¥y

RMSE dwisunisagauslu 6 $alushianisldaunts 2 laeil N Aeduiunsvunvesgan3atulawiu

A19918890@RAT8EAINSUSEIUanLS fi was o LudlsunisazauveslunaInnsaily

[

Juan 6 1ilus uazdnganilandunaldluusargnveininnasnszetiain1sussliuianue

> (fi—0)?
N

RMSE =
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4.3.4 waagunlaannsiaussyanleuuing

NNAN15N15I YTyl URN1sN1sdnnTendeyauasnisnensal iala
Downscaling Yayanu N34 Machine Leaming Tun1snensalny uazisnldniseusuluiiou

]

Tunau 2563 Lagldn15ausuwuy Online HEL919708UTUIIUINYSEUIM 60 AU LATAIUISE

Y

[
[ V| =]

wiangueiinsneusula fsil 1) vidigaw Ussana 20 au 2) Anaudndde Ussuna 20 Ay
uaz 3) fndnwn Usvann 20 au il Tumsasumuaudilaluniseusilaliisnsduduniuel
wWiatdushunuvesusiazngulpoutsssifiulssiiumnutilasonidu 4 Ussiiu oua 1) amsaw
Tasams 2) iemnisuiaue Numerical Weather Prediction 3) lieymnisiiiaus Machine

Learning Techniquekay 4) N159USH Machine Learning Technique #1135V nad1t59909

[
Y A

nsausy agulasell

(1) aAmsalasesnsnadidavesniseusufivssdiuldvindu Sosas 100

(2) thewin1sunaus Numerical Weather Prediction naduSavesniseusuiiussidiu
lawindu Seeay 90

(3) \ilomnsiieaue Machine Learning Technique Wad3avain1seusuiivszifiu
lawindu Seway 70 uay

(4) n158USH Machine Learning Technique nadni3avainiseusufivssiiuldmindgu
Souay 60

namlagsauuds nadudavesnisevsulunwsiuwiniu fosay 90 vl lunisuseidiuna
41159 MeeusINUIT namsUsziiuguiiomnsousy (Fe 4 vosnisUsziin) fiwauszdiu

Wiy $esaz 60 fAenInUseLauduY

A15197 4.3-2 agUuszdliunadiaveniseusy

\ilown miegay | 103 | dnfnwn | agusu
(mheodulesidud)
1) nMnslasinig 100 100 100 100
2) Lifammiﬁ%aua Numerical Weather Prediction 80 100 90 90
3) iomnsuniaue Machine Learning Technique 60 80 70 70
4) N139UTU Machine Learning Technique 50 80 50 60
agunneu 75 90 75 90
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v ad

4.3.5 Yadfauazlegdunidnenin

lasenislaenseaunisaiiamuudnaes NWP iuaiowaginaia ML Liogn15AIANI5al
szerduveIUTdugamgiaudularasluauazBengn widlasinisazilszezim
gudu winulusuanuiegudipndululdnozusuugsnsaanisel  dedndnegrmisves
lassnstagiuelgmanulivivendldlasunisuilvegiadun Tunsweinsalvesnisdnaey

a ! a ¢ A Y =2 AP a= 1 2R %
ANNBLBEAAINIALRNITDE 19BN THEINTAIUTIMUINY Tawsidndane3Bu ML asdaelatng
1AeN15aUAINALE8I98NAINTIIAMULTILAZ ALULS UAFIUYBINITAIANITAINABNAIIINNTS

ea o £ o S a ad & ad 1% S a a
WyNIANIMUATUINEIATUALY 515084 Ensemble Wuignsunlgyminiiusednsain

VY (%
Yaa =

Tunisdnnisduanaliuiueuldfdsulnegfinisaanisainatenss wazsinliaulsiusiuou
anasuniign dedrAndnusznismilsdonunimvesdoulusuiuiiAsidestunisussyndld
watanssusndeya & naigud Tulassnmstagiumssunudeya ieuiuuinuninves
JoulvFudududidumaiomelussduuuusiaonistuiimlan fusudedinisdrsaluiiud
Fununnldlignldnugugnsmaisureasand uazanususifea lwganisganaudeyaniny

[y a & a o

avldunassraugiinAluddmseenisiieUTuussanmisuAugasYlsUTulTanmsnensal

Y

4.4 N15719UVBIIINIBUSTINARIALUS

1) SzeEdl 1 — NWP Downscaling
N Wisuileunadnssening GPM (seduaugndes) wagandiminiu (RMSE)
nefinulsmadanlusladnriinsaun1srinauy NWP dusuveuiunussinelneg
wazduiiun1sufulsUseaniandayanu Tasidunisufuugsdeyadislugas

v v

stiudauazdrmiduiioldsrymnnisal uenanissdintsmaasaiiensivaeuiy
Audmielifagldnsdmuadiaesuuuueniudmiuaiamilevesdszmelng
waznaldvesUseinalng deagufedaiulunsivuaifiinzaufiandimiv
Ussinalneiionun

RMSE wasUSsnaiduazay 6 Halus Ingldnsimundanyauo 0.5 uu. wa
9.2 uy. ududmsuqquduazggHu AnuwiuS1agT 97% war 62% AU
msvssduldnisdanauiinaduanifisuiinuasden 0.1 ssmmuiinnasly
oy RMSE 41 9.2 131, / 6 v, 3na1nie1dwaluiaa NWP Luvufivuazueaiindy
Uszinedsaldf azvianuegamdinluluiea ML ilelvnadndanvioussaasusiugy
70% matmaneuas RMSE f1ndn 9 ual. / 6

v, wadwns : Yoyaniinuy - Envision Ifis3euteyaniaiiou

(15 49 29 @91@Y 2019 - FHunnrdnlut) 2019) wensaleluvuig 40 GB
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Huteyaiivsenoudedoyatiiasty, gamgd, iy, uaznalnnsairsdeya
HUNEINT0

A, wadws : Joyantiuds - Envision ldwieudeyarsuieu
(1 f9 15 wAdmew 2019) wernsallududeyaiiuszneuse doyauTuom,
aaungfl, e, uaznalnmsasiedoyarunensel

5. doyaazdwinms SFTP - donsdamstliidunisdsdoya

(Fauumsdanisuilne) Jagdudanulituauddoyaudn

4.5 ANSWAIUINISANYIYBITINIYLNY

[
=

AMeraeInN1sUsEanateyalliosdunuinteyaiugiuvedasinis lnganizeg19ds

<9

Toyaaniinsiaiaiilfiuteyadadudseuiieu nanuiiuvensugaeninetlalinanuiu

o w v ~ P

a a A N A A o & A I
aﬁ]']ﬂ@‘U@QﬂamaaﬂqiﬂJ@Qﬂﬁmqg‘!u‘UN'}Wﬂ'}WNLWEN 126 @014 LN@L‘WEJ‘Uﬂ‘UWUVlGU‘U']@iWQJ,

Y

DD
e

3
va3Usemalngnisldiiios 126 aall Wudunudeyavesislszimansinlinavesuidy
= P =i = = & dda 1 N o
Y1IAAUUNTBND FItULUINIMINzaNTImITIdoniundaunuILiuYesandiie ane
° LY = a a 4 < ! A & A Aa o
dmiun1sfnw lagniensuggdeuingilaliaiiuiuiinisideniiuiniananeniianyae
a < A Y a a = a & a = 2/
niivseweduiisu dudsmeggioningdu (uull, ANudy, irman) Inansenuties
anusaldiiigstayanisnensailuiRIuIANaZIBgALUY Dynamic Downscaling  Wag
nssgudiveimuteyane Machine Leaming lnevnansugnilesinenauslvlddoyanensal

3 Tu anwazden 6x6 Alawnsiignudnyndaluadugiulunisimudeya

=

yafuemiAdeldhnmaianuduiildunfielflunsdeniufifvazay uasdonanni
fnnlivgeuisunanisiau feilunsiulsuiisuanugndesvasnismensainiansy
g leuinelalianumiuinalslduinsgiunisweinsal World Meteorological Organization
(WMO) 1fundn Tnefiuusilildunasgiutusvesnisamuauamnmuuuiiealsiil National
Meteorological Centres (NMCs), Regional Specialized Meteorological Centres (RSMC) L@z

World Meteorological Centres (WMC) 7snsavailiinsivuninnsgiun1sniunuamnmn

'
= a

dmdudoyanvuioaln lunsdnwinialassmsididenveulvniiuiiazfigad 13.56102-
16.990646 a9sfgn 99.2199-102.77574 mugufl 4.5-1 wagUszneudiesionisandl

A leuAINe UM 4.5-1
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4.5-1 funfnwiwazaniilgnil

M1319% 4.5-1 1ePeantanfieninelunuifnw

YUANYNUNUNAN

No. swaaall No. swaaail No. shaanll
1 379401 2 378201 3 379201
4 380201 5 386301 6 379402
7 403201 8 431201 9 431401
10 | 431301 11 | 400201 12 400301
13 | 402301 14 | 410001 15 415301
16 | 426401 17 | 419301 18 425201
19 | 426201 20 | 425301 21 429601
22 | 450201 23 | 451301 24 455301
25 | 455203 26 | 455201 27 455601
28 | 417201 29 | 430201 30 430401
31 | 440401 32 | 440201
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4.5.1 Junsumsie

TunsifiuanuusiugrvesnsnensalilusionisiSouivesnies (Machine  Learning)
Tngordedoyanismensailuresanituasaumaninensinlud 2019 wagdeyarusioanii
32 anrfvensugniesineitelflunisdn TasdnearBunvestuneutsznoude 4 tuneu
ol

1) mMswseudeya

2) msUsznanateya

3) msaeuliag

4) MIfNA

4.5.1.1 MIwieudoya
Yoyaitltlunsiduavusznousedeyann 2 dau loun
(1) doyanennsaionia ves an1uasaumanineinsun Inedoyaneinsal
ommzidutoyamiuazidon 3x3 nu. yn 1 $alus dremih 72 Falus

d! ¥ a ¥ [ gj QIJ
Fenpunseuteyalutu (Layers) s1e83lua

T | —+72hour

Latitude Forecast data
N +2 hour
+1 hour
- 0 hour

Longitude

JUN 4.5-2 mswSeudayaidutu (Layers) s1etalus

(2) YeyaraN1INTIVINGNYAULINIATIY 3 Taliannsuentiedine)

awynsdnlvegluguLuunsnd nav/saanni
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date 48374 48379 48380 48386 48401 48402 48403 48413 48418 48419 48425 4B426 48430 48439 48440 48455 48462

2018-12-21 12:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2018-12-31 21:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o

201%-01-01 00:00:00 0o 0.0 0.0 0.0 0o 0o 0o 0.0 0.0 0.0 0o 00 0.0 ] 0.0 0.0 0o

2019-01-01 03:00:00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

201%-01-01 06:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2019-01-01 08:00:00 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0

201%-01-01 12:00:00 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0o

2019-01-01 15:00:00 0.0 0.0 0.0 0.0 0o 0o 0.0 0.0 0.0 0.0 0o 0o 0.0 0.0 0.0 0.0 0.0

201%-01-01 12:00:00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

L T R e -

2015-01-01 21:00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5UN 4.5-3 dnwaien1s9 Lay/siaanni

IINMINATIEVTOYaNAN1INTIVIRGNBUEINIATIE 3 Falus wud Tuyadeyaiitoyai
dulinn serunntasegidudiuiuuin dnduagdesinisussuianadeyanowinluly lny

avdunazasungludiudnly

1600
1400

1200
1000

800

Frequency

€00 No Rain

400

200 i
0 v

0 20 P &0 80 100
rainfall(mm)

JUN 4.5-4 nuvianaznsmienaseSuienisnszanesivesoyaUSunasluse 3 Falus

4.5.1.2 msUssinarataya
JumpunsUszanaradeayaldunswiendeyaiiieinsaeulumarilaasaan
wazanunsodeuldegeliusEanSam InetunaunsussinanatayavsUsenauiie 5 uneu
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- Latitude 13.56102 - 16.990646

- Longitude 99.2199 - 102.77574
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(3) Normalize Yoya
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Tugradeniu wedesiulililunaiudeusludmadnuasls
Audnvuzluivay Ineagyiinis rescaling YayanensalonniAuaz
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class count
32 0-0-0 45
57 1-0-0 12

E 8 1-1-1 10

4

8 36 0-0-1 10
49 0-1-1 9
10 1-0-1 7
41 1-1-0 6
25 2-1-1 4
44 1-2-1 4
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(4) Inveuadnsudau

Y

v P

JoyanltaoulunalzUsenausie

- Jayanensalonia (Observe ofn)

- doyananisnsiatadnunzenniadounds 72 §alus (NWP Output)
Foyatlazlilunasinneusznause

- USunaurunazan (wagsieiu) (Observe @1usUn1svinung)

™D Observe Observe

NWP Output ]
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(1) a$luna
Tutagtumeluladinunisvi Image Processing fmnufinantnduogieann
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USunaunisAnnuasliegiannlaeidinminuaansalunisiseussueuy
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3X3 N

wennsaishy

wonsaiavme
axwmin 72 927w

A15199 4.5-2 luwanlgslunisvaaau

Convolution Neural Network

31Jﬁ 4.5-13 wua@An Convolution Neural Network

Network Top-1 error Top-5 error
ResNet-18 30.24 10.92
ResNet-50 23.85 7.13
ResNet-152 21.69 5.94
ResNeXt-101-32x8d 20.69 5.47
VGG-11 30.98 11.37
VGG-19bn 25.76 8.15

(3) @enlAssas19lunaNmuN e

91NAN51998NUI Network VGG-11 vinuladafign tneduaugu Fully

Connected Mviaularageglugae 2 81 4 4u Inglunuifetazitens 2 wu

A15199 4.5-3 1Assasslunantulunisnaaeu

Network 1 layer 2 layer 3 layer 4 layer 5 layer Average
ResNet-18 28.48866 14.43021 28.15271 1281774 14.30661 19.63919
ResNet-50 24.63881 17.95799 14.18428 13.59174 22.07088 18.48874
ResNet-152 42.71761 13.24053 11.92981 33.21103 50.94227 30.40825
ResNeXt-101-32x8d 27.24077 15.24245 12.32707 15.11274 54.31651 24.84791
VGG-11 13.26101 11.53133 12.17073 14.05594 13.3356 12.87092
VGG-19bn 58.48582 48.45139 67.09495 44.86237 18.30004 47.43891
Average 32.47211 20.14232 24.30993 22.27526 28.87865
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4.5.1.4 N5IAKA
Tudupeunsianalziilunailannnsaeulutuneuneuniuviuedeys
Test set lnefvinfldagUsenaume

(1) Mean Absolute Error

10
e ML

Mean Absolute Error (mm)

100 125 150 175 200 225 250 275 300
time (day)

JUN 4.5-14 nsvldunansninuduiugen Mean Absolute Error Mtheiladians anusseeiial

NN 4.5-14 wudwoya ML HaswasuAmuinna1n (Mean Absolute Error) ¥eq

nsnensalUsinamuse iy vlaanindeyantanain NwP Weweuiudeyanusieani

(2) ANULILEN
TasmsinanuutiugraziFuannsdangudeyanuuiinasdusendu 5 nau
Taun
- 1UeunIn 0.1 Uy
- UeynI1 10 1.

- UeynI1 35 W
- 1Ue8AI1 90 U

- 90 wa. a4l
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10 10
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06 06
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1) Modeling & NWP (6 Liiow).
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1. Envision 2g@anluuLislANd MU nsUseuadauunnig

2. fpensfeyatiiudslugdiuves Observation data (Aslyldwu).

Observation Requirement

eatersebutes | Laring gt o ey propries

Rainfall Station At least 1 year Hourly / 3 hourly Small coverage, accurate
Radar image At least 6 months, 5 minutes /15 Large coverage, whole domain,
L3/L2/ Image minutes less accurate
format
GPM Self-collected,
less accurate than Radar
Temperature Station At least 1 year Hourly
Humidity
Wind

HahaslypS

v a g v ¢

ViEdng Ssnadnus / Envision-digital o NUNINUS &

UuNnlag Juaandsznid

e

191l %4 / Envision Meteorology

Director o NUNWINUS &

Susadlag AUSUTDY
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1. Envision Digital - Water Management Project Kick
2. Envision Digital - Water Management Project Kick Off 2020Feb14 NWP
3. Envision Digital - Water Management Project Kick Off 2020Feb1d4 ML
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OPTIMISATION FOR RAIN SEASON
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Preliminary Results (accumulated rainfall in the 2" half of Nov 2019)
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