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WIVON 1: BWUIARNITNAUISZUU MRCFFGS

(1) AU duUNVDITEUU

Hydrologic Research Center (HRC)
to implement regional flash flood
guidance systems worldwide

USAID/OFDA




(1) AU TUNIVDITEUU

MRCFFG pre-dates the establishment of this typical timeline under the
Global Flash Flood Guidance Program

2004 - Central America was first regional implementation of FFG System
May 2005 — Initial Meeting about FFG System in Southeastern Asia (MRC)
w/ subsequent meetings in 2006, 2008, 2009

2006 — Agreement with USAID to begin development on MRCFFG; HRC begins
development work

2008 #Quad-part Agreement between
RC, USAID, WMO, NOAA to develop
Global Flash Flood Guidance Program

Jyne 2009 — Training of MRC/country
representatives at HRC

ct 2009 — Deployment of operational
system at HRC

~ 2012 — Agreement to include MRCFFG
under Global FFG program

(1) AUdUNIVDITIUU

What do we call Flash Floods?

naiRnanziwianlutasadulasiiaumnanyUsinardiniiunn
WORLD METEOROLOGICAL ORGANIZATION (WMO):

“ A flood of short duration with a relatively high peak discharge ”
nsiinanziviaegsiundy Tnefissezalumsifiouseiiay
Fadnnnanuduvesuiinaminluiuiivunedn JCIETY (AMS):

“ A flood that rises and falls quite rapidly with little or no advance warning,

usually the result of intense rainfall over a relatively small area ”

A local hydrometeorological phenomenon that requires:
1. BOTH Hydrological and Meteorological expertise for real time forecasting/warning
2. Knowledge of local up to the hour information for effective warning

Usually, flow crest is reached within 6 hours of causative event
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(1) AU TUNIVDITEUU

Why worry about Flash Flooding?

« “Recent findings of the WMO U.N. International Strategy for

(2008) country-level survey where Disaster Reduction
of the 139 countries, 105 indicated

that flash floods were among the

top two most important hazards

around the world and require Distibution i percentage of natural disasters by type

special attention” W

* On the average, these events kill
over 5,000 unsuspecting people
and cause millions of dollars of
property damage

* Highest mortality rate (people
affected / people lost)

Number of natural disasters by type: regional distribution
1991-2005

(1) AUdUNIVDITIUU

Why Worry About Flash Flooding?

Flash Floods are very significant disasters globally ...

= Highest number of deaths per people affected

... BUT there are no discernible trends for loss reduction

= No flash flood warnings for vast populated areas of the world
= L ack of local expertise and of regional cooperation

= Little in situ data in small regions

= Large-river flood-warning strategies ineffective for flash floods

= Climatic changes in several regions increase precipitation intensity
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(1) AU TUNIVDITEUU

What are natural flash flood causes?

* Intense rainfall from slow moving thunderstorms or tropical systems
* Orographic rainfall in steep terrain
* Soil saturation or impervious land surfaces

* Hydraulic channel properties

* Sudden release of impounded water (natural dam or human-made dam)

(1) AUdUNIVDITIUU

AULANANNTENINUIINIUNAURUaAIZUvIdNTuN T UgRaTUn

Wi lununsugua UviuAunau
szazaalunIsHINT U szuzianlunmsviaudsdosndn 12 4alus

o 2 . f % o 2 .y . =
wagaﬂ‘%mmuﬂmmmmﬂszm:uasnaﬂs'nS]‘Lﬂ °uagaiFsmmmmmmﬂizmmamaauaEm

Foyardeuiifinnuddey Foyarderuiifinaudidaunn
AIANSAIFUENNTINGT UaYRAHNS aamsaisinuaalieninen anninen
uasYaAEns
52821287 lUN TN TUINENAT szazalumsiansandes
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(1) AU TUNIVDITEUU

Key Technical Components for Flash Flood Guidance Systems
— ]

Real-time Rainfall Data

Precipitation Input Processing Snow Cover
|| Satellite Rainfall g Quality Control

|| Radar (as available)

I\Gauge (as available)

Merging
Bias Adjustment
E—— Snow | TEMPpeTature
l > Model

Flash Flood i
/ : (Climatological)
4 Guidance |«g=I]\ sl -
4 Model Moisture
’ Model
Flash Flood
i Threshold
Runoff
Model
Forecaster Flash Flood SF"’K:L?;:EW‘
Threat
(e Basin Delineation

Parameter Estimation
(Terrain, LULC, Soils)

Rainfall Forecasts
(Mesoscale Model)

Page 11
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(1) AUdUNIVDITIUU

What is flash flood guidance?

Rainfall threshold (familiar concept ) Urban environment treated differently
- Not represented due to scale

Meteorology and hydrology decoupled - Not represented due to storm sewers

for adjustments

Concerned only with bankfull flow

Location of Occurrence

Soil Water Deficit
Channel bankfull storage

./ Bankfull Flow N
FFG: Amount of rainfall of a given T ; '
duration and over a given catchment that < N /
is just enough to cause flooding conditions =
at the outlet of the draining stream

| ¥ A X 48 ' = a T v ad X 48
ﬂ"mm']nmmisﬂumﬁaﬁuﬂimmcjummwuwuu6] nauvnaxmﬂamqzmaumawqmaanmaaﬂmawuwuu61
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(2) MsuUINUAgY

. %’agaté’u%’umwgamn SRTM
90m Digital Elevation
Database

" Lisiuiiguiivesszindlne
duu.a17 13gauiy LLa:ﬁ':uwjm
sonduiuiisutingng (GRASS
GIS)

" fufiguirouiadnfiudld §
yuraiufifutiuszua 150-
200 5.0y Inefidnadsegi
182 5.0

750 1000 km

v
P

" 53UU MRCFFGS Sfufiuin
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7,618 WuAisUL0

(3) Satellite Precipitation Estimation

Foyausunamuiilélussuy MRCFFGS  duusznaudae Global
Hydro Estimator (GHE) a2 Microwave adjusted Global Hydro
Estimator (MWGHE) 37101 NOAA's Geostationary Operational
Environmental Satellites (GOES)

3, [ a 1 14 14 a
"GHE  Uun15A329INUN LA INYUNAATUVUAIYATY
dunsusa (R based 10.7 pm.) 4azdin15n5933990 9 30 W

" MWGHE tJun13n323dani1snszateflvaiindudisniu
lulasian (Microwave) waziin13nsaadnnne 18-26 ¥alug

Page 14
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(3) Satellite Precipitation Estimation

MWGHE - 24 hr 2017-12-26 00:00 UTC REGIONAL GHE - 24 hr 2017-12-26 00:00 UTC REGIONAL

MWGHE

Page 15

(4) Climatological Precipitation Bias Adjustment

® Satellite Precipitation Estimation i) g
ldladunisasiadauSuaelu L _
Tagnse aadun1suiuuidaya Riq i e
o ' v oy v =2 (s 3. Z
aandnfudayansaainlelinlny e
o @ Do
andu i

v  day v o v a 10

" paawsilaannnisusunAaiuSuna i
WuIn GHE way MWGHE @a @1 S
YSunaeluiadawBaiud (Mean Area G s

Precipitation, MAP)

" nsUuufidiliunady andedeya f“”
vasanarfifairunsugnieuing,
sEudnafeungeniAN 2555  fie

Aa1AYN 2560
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(4) Climatological Precipitation Bias Adjustment

Page 17

(5) Soil Moisture Model

® Sacramento Soil Moisture
Accounting  Model (SAC-
SMA) gnuszgndlderuly
IEUUVDY MRCFFGS

" fianisusedfiudneninves

RAuUNaL1Ta50I5ULaZLAY

AnAuiy Tneiinnsiiansan
sruURRuULarszUUlERY B9
finnsandanislnaduasgiu
Ay Usinaniviillvaasg
V9 WarnnsAesEIAY

Page 18

03/01/61



03/01/61

%98l 2 MRCFFGS CONSOLE

(1) MRCFFGS CONSOLE

140,80/ MRCEEG._CONSOLE

Current Date: 2017-12-25 08:40 UTC Product Date: 2017-12-26 00:00 UTC
Month: Day: Hour:[00  |REGION: REGIONAL v (OPTION: MEDIAN ¥ || Suoms
“1 Menth || -1 Day || -8 Hours || -1 Hour || +1 Hour || +3 Hours || 1 Day || *1 Mantn

Prex G Interva) (18 UTG) || Reset to Gurrent || Next 61w Interval (08 U7G)
Product Console - Main Table

DT MWGHE Precipitation GHE Precipitation Gauge MAP Merged MAP ASM FFG IFFT PFFT
04-hir ey N
o
2017-1226 00:00 UTC 17-125( @ 2)7-12-200:00 uTC 1Yz 25 00:00 uTC 20171223 13:00 UTC 2017-12-26 00:00 UTC
i j i S | i i
W 5" o S

o £ W : & '

9 . .
oo

-

j i

2
Composic Froauet 1 GSY. GVT SFTP dota wanster require SFTP Clen: EXPORTSREGIONALIZ07 12720

10
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(2) MRCFFGS CONSOLE (Observation Precipitation)

C | A Not secure hittps://184.185.140.80/MRCFFG_CONSOLE/index.ph Q #
MRCFFG - Mekong River Commission Flash Flood Guidance System
Curtent Date: 2017-12.26108:40 UTC Product Date: 2017-12.25 00:00 UTC
Year: 2017 |Month: |12 |Day:2¢  |Hour: 03 | REGION: REGIONAL v OPTION: MEDIAN ¥ || Submi
- — - — wontn ][ 21 Day ] @ ours ] 1 Hour | 1 o ] +0 Hours | #1102y ] s o
Observation Precipitation = ot Eis Tamsom | testr e oo
Produet O i Main Table
DT MWGHE Precipitation ~ GHE Precipitation Gauge MAP Merged MAP ASM FFG IFFT PFFT
I I I |
i i i i
9 %, i,
ot 3
2o ez s e wirz s wwoT sz e Wi s ww avim ez 5 e 202 e e
I i i . !
|} i i gy | i i
L 4 L, 9 %,
03-hr Ny L h" o
a2z uTc Wiz mww T wrmmwm T wir s ww T sz w2 ww T
I I I I s | |
i i i i 2 | i i
M o o, it
oe.ne 5 Ly € T
2oz s e wir s ww o i e sz e s wwT Wi s ww avm ez s e 202 e e
I k I k
& &) i O
i
il st
o
aurr.r225 0000 U wir 120000 U w0 e wrmmw T
Compeosite Product: text CSV, CEVT SFTP data transfer (requires SFTP Client): EXPORTS/REGIONAL2017/12/26
Page 21

(2) MRCFFGS CONSOLE (Observation Precipitation)

DT VWGHE precipitation  MI\WWGHE (Microwave-adjusted Global HydroEstimator Satellite-

| based Precipitation Estimates)
o1 1) dayaiinsusuuzemnadalus

2) daya MWGHE #insunaualuguuuuvasu3unaueugazanain NOAA-NESDIS
Global Hydro Estimator uwagiin1suSuuAann NOAA-CPC CMORPH

2017-12-26 00:00 UTC

I 8 :
}-'I Microwave-based satellite rainfall Tusau 1, 3, 6, waz 24 P laafeinusn
s 3) doya MWGHE  Tussuu MRCFFGS  Judeyafidelailéusuud (Bias
wT RO correction)
! "  MWGHE 01-hr wanefis Usunaumanisaldzau 99n52UU Microwave adjusted
_ \‘5’ Global HydroEstimator Tutiag 1 Falusiikuun (mm/1hr)
' " MWGHE 03-hr vsneiis Usunauruainnisaldzdy 31nseuu Microwave adjusted
20171226 l0:00 UTE Global HydroEstimator Tutiag 3 Falusiikumn (mm/3hr)

" MWGHE 06-hr vsnefis Usunauruainnisaldzay 31nseuu Microwave adjusted

Global HydroEstimator u%24 6 alusfisuun (mm/6hr)

= " MWGHE 24-hr vaneiis Usunaruaianisaldzday 31nseuu Microwave adjusted

Global HydroEstimator uta4 24 4alusiisinunn (mm/24hr)

2017-12-26 00:00 UTC
et vies
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(2) MRCFFGS CONSOLE (Observation Precipitation)

DT

01-hr!

03-hr ot

06-hr!

24-hr’

GHE Precipitation

%,

2017-12-26 00:00 UTC
Text: view

i
§

2017-12-26 00:00 UTC
Text: view

2017-12-26 00:00 UTC
e

. B3
B e e

2017-12-26 00:00 UTC
T i

GHE (Global HydroEstimator Satellite-based Precipitation
Estimate)

1) deyaiinnsuiudmnadalug

2) doya GHE Tuszuu MRCFFGS aziinsunaualujuuuuvesUsunm
Nugzaua1n NOAA-NESDIS Global Hydro Estimator luseu 1, 3,
6, uaz 24 FAuaTHIUNY AWEIRY

3) doya GHE Tussuu MRCFFGS  udiayaidalaildusuud (Bias

correction)

" GHE 01-hr wnefls Usunaurluainnisaldzay 9anszuu Global HydroEstimator
Tugiag 1 Falusiiiiumn (mm/1hr)

" GHE 03-hr wnefis Usunauruainnisaldzay 9anszuu Global HydroEstimator
Tugiae 3 Falusiiiiiun (mm/3hr)

" GHE 06-hr winefis Usunaurluainnisaldzay 9anszuu Global HydroEstimator
Tugiae 6 Falusiiiiiun (mm/6hr)

" GHE 24-hr wiunefle Usunauuainnisaldzay 9anszuu Global HydroEstimator
Tuging 24 Falusdlrituun (mm/2ahn)

Page 23

(2) MRCFFGS CONSOLE (Observation Precipitation)

DT

04-hr’

03-hr’

06-hr

24-hr

Gauge MAP

2017-12-26 00:00 UTC

2017-12-26 00:00 UTC

text, G5V, CSVT

Gauge MAP (Gauge Mean Areal Precipitation)

1) doyadin15U3uuse s 1381 00, 06, 12 uaz 18 UTC

2) Yoya Gauge MAP Tuusaziuiinzandenis Interpolate
naandiaiduiifinnsnsiainade #t 06-hr uaz 24-hr
AUAIAU

" GMAP 06-hr waned Usunas GMAP Tutasiian 6
A2 TuafiH AN

" GMAP 24-hr %ned Usunad GMAP Tudnaiaan 24
A luafinua)

Page 24

03/01/61

12



03/01/61

(2) MRCFFGS CONSOLE (Observation Precipitation)

DT Merged MAP

. 1) dayaiinisuTudsmngdalus

MAP (Merged Areal Precipitation)

01-hr|

2) doya MAP Tuszuu MRCFFGS aziinsunausluzuuuuvaslsunm

2017-12-26 DO:0D UTC

duazanlusau 1, 3, 6, uaz 24 FaluseIUUN

¥ v & v Aaa [ o o
i 3) doya MAP uuUszananaNYadayaninngan1endeainnisdnii
g Bias adjustment Y84 MWGHE, GHE %38 GMAP anuanfu
srazwame | 4) doya MAP azgnihllfiludeyavndluwuudnaes sacramento

~

i Soil Moisture Accounting Model

08-hr Lo , |
" MAP 01-hr viu1e89 YSunarluasaaludae 1 ¥alueiisuun (mm/1hr)

2017-12-26 D0:00 UTC n

faan e MAP 03-hr wianeds Usunauazaulugag 3 dalusiisiauun (mm/3hn)

; : " MAP 06-hr wiungae Usunaluazauluyag 6 Falusdinauun (mm/éhr)
20 »;;b " MAP 24-hr wnefs Usunaurluazanlugag 24 dalusiiiauan (mm/24hn)

2017-12-26 D0:00 UTC

Text: view
Page 25

(3) MRCFFGS CONSOLE (Hydrologic State)

C | A Notsecure | hatps;//184.185.140.80/MRC

MRCFFG - Mekong River Commission Flash Flood Guidance System

Current Date: 2017-12-26 08:40 UTC Product Date: 2017-12-26 00:00 UTC
Year: 2017 | Month: 12 Day: 25 Hour: 00 |REGION: REGIONAL v OPTION: MEDIAN v || Suom:
ot ][ Doy | -8iars ] - Hou | 1 Hour | 3 Hous | #1Day ][ 1 Hoot -
reonmmats v | essorm s o] Hydrologic State

Product Console gliaiaalaal

DT MWGHE Precipitation _ GHE Precipitation Gauge MAP Merged MAP ASM FFG TFFT PRFT
i i i Say | I i
. i 18
&, 1N
othr B, e
anTzze0000 T 201226 0000 UTG 2171225 00:00 UTC 0171228 00:00UTC 271225 1500 UTC 20712280000 UTC
Test view Text: viow Text: view Test view Text: view Text: view
I I I .,,% | i i
i L A h
s 5 o, S
030 \ , HECN & W
271226 000 UTC 20171226 0000 UTC 2171228 000 UTC 0071228 000 UTC 71225 2100 UTC 72w UTe
Text: view Teat: view Text. view Test: view Text: view Teat: view
I I I I | a0 | I
| § |} ¥ I G | g | i i
M {;;c o, i i
06 R x % I
anT122800:00 TG 201226 0000 UTG 71228 0000 TG 2171225 00:00 UTC 20712280000 TG 0171228 00:00UTC 2712280000 UTC 20712280000 UTC
Test view Text: viow Test view Text: view Text: viow Test: view Text: view Text: view
) ) i i
) i
24enr o N
§ i
=
71226 0000 uTC 2017-12.26 0000 UTC 074228 00:00 UTC 2171228 0000 UTC
Text: view Teat: view Test: view Text: view
Composite Product: fext, G5V, CSVT SFTP data ranafer (requires SFTP Client): EXP#RTSREGIONAL2017/12/26

Page 26
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(3) MRCFFGS CONSOLE (Hydrologic State)

DT

01-hr|

03-hr|

06-hr

24-hr

ASM

2017-42-26 00:00 UTC
Text: view

SFTP data transfer |

ASM (Average Soil Moisture)

1) dayaiin1suFuuse e 19a1 00, 06, 12 uaz 18 UTC
2) doya ASM uandRTIEUANUYNTUVEIRUTTUAUENU TN 10-
20 %31, (0-1) Tag 0 vaneRs AuNwisalin uag 1 vanens Aundialnu

bl
1o

YUU1 100%

3

3) doya ASM  1ldu131nuuUTI80e Sacramento  Soil  Moisture
Accounting Model

HOW FLASH FLOODS OCCUR

Heavy rain falls
onto the ground

._‘
2 e "(t 2 Rainfall cannot soak in
* g S0 runs down into river

\.l )
. s
LY :
River rises and bursts w
3) its banks, flooding : m
valley floor &
| From BBC dews

Page 27

(3) MRCFFGS CONSOLE (Hydrologic State)

DT

04-hr’

03-hr’

06-hr

24-hr

2017-12-26 00:00 UTC
Text: view

>~ &
ey
e

2017-12-26 00:00 UTC
Text: view

2017-12-26 00:00 UTC
Text: view

FFG (Flash Flood Guidance)

¥

1) dayalin1suFuuse i 1381 00, 06, 12 uag 18 UTC

2) doya FFG sanefls ArfinruanunsalunissesiulBunamuvesiuil
tuq feuflaziindnzihdunisiigaosnuasuameiiufiiug dufude
Yinalufidrgendn FFG  azdudayaatvayunsdaduladneziia
dnzthdundsiigaeanvasiuiity

" FFG O1-hr waneils Usinasluiisdenalhinanzihdunasiivasguni
Tudn 1 Falusdranihr (mm/1h)

" FFG 03-hr waneils Usinasluiisdenalhinanzihdunasiivasguni
Tudn 3 Falusdranir (mm/3hn)

" FFG 06-hr waneils Usinausluiisdenalhiinanzihdunasiivasguni
Tudn 1 Falusdranihr (mm/shr)

5 7 Page 28
equires SFTP Client): EXP
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(4) MRCFFGS CONSOLE (Flash Flood Indicators)

C | A Notsecure | hitps;//184.185.140.80/MRCFFG_CONSOLE/index.ph| a *

MRCFFG - Mekong River Commission Flash Flood Guidance System
Curtent Date: 2017-12.26108:40 UTC Product Date: 2017-12.25 00:00 UTC
Month: |12 REGION,
1 ontn ] 1 Day ] |0 Hours ] 1 vour
Prew b el (18 UTC) || Feset o Gt

+1 Mo

wer=csre ) Flash Flood Indicators

Product Console - Main Table

DT MWGHE Precipitation  GHE Precipitation Gauge MAP Merged MAP ASM FFG IFET PRET
3, &
o
[T frxpryre aamER T 20m 1228 om0 UTC w7 B0 T 20722000 e
Tert: vew Text: vew Text view Text: viw Text viw Text: vew
|} i i gy | i i
L L 3 b
o i o, SN
03-hr wy B A o
a7z T w220 07132 00 UTC 001228 w0 uTC w7z 0T 0171228 w000 UTC
Text: vien Tent: vew Text view Text v Text view Text: ven
i i ! i = - I
j i i i a e | H i
4 L
" W e ¥
061 » L iy L e
[T w0 2 om0 e aamER T 20171228 o0 e 20m 1228 om0 UTC Frarrr 20722000 e
Tert: vew Text: vew Text: viw Text view Text: vew Text: viw Text view Text: vew
&) | O
% b
g S
24hr ‘ .
_
0171228 0020 UTC w1228 0000UTC 20228 0w UTE 07132 000 UTC
Text: ven Tent: vew Text v Text view
Composite Product; fext , G5V, CSVT SFTP data transfer requires SFTP Client): EXPJRTSREGIONAL2017/12126

Page 29

(4) MRCFFGS CONSOLE (Flash Flood Indicators)

DT IFFT

IFFT (Imminent Flash Flood Threat)

1) %’agaﬁmiu%'w@q 2 1781 00, 06, 12 uay 18 UTC

04-hr’ ' i} ' § o '
2) deya IFFT vaneds Awad19vas MAP vasdasaiiaula fu d1 FFG ves
— . o
A e Y9N
' 3) doya IFFT Tuguuuuunuiiuuazuansiedengg lag Sivdas vuneds wui
" = o o v a « o = X ddd .
. naaslinudrdyuazinaudniunisal uas Suns naneds Wuiiidessie

AsiaUIvaInAuaaN

2017-42-25 21:00 UTC o a a Y a v & od a
4) doya IFFT  iinvinnsusslivlagandedoyalusiin dsludiazianiu

o a o

| anrunisalalsaglianudraniudeyaludagiu wWisudisuivan IFFT
oo . faunaziin1siiousiy

2017-12-26 00:00 UTC

Texts view ® 01-hr IFFT 13UTC = 01-hr Merged MAP 13UTC - 01-hr FFG 12UTC (mm/1hr)
® 03-hr IFFT 15UTC = 03-hr Merged MAP 15UTC - 03-hr FFG 12UTC (mm/1hr)
24-hr ® 06-hr IFFT 18UTC = 06-hr Merged MAP 18UTC - 06-hr FFG 12UTC (mm/1hr)

Page 30
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(4) MRCFFGS CONSOLE (Flash Flood Indicators)

DT

01-hr|

03-hr|

06-hr

24-hr

PFFT

2017-12-265 00:00 UTC
Text: view

2017-12-26 00:00 UTC
Text: view

2017-12-26 00:00 UTC
Text: view

PFFT (Persistence Flash Flood Threat)

1)
2)

3)

Yayaiin1suTuuse el 1381 00, 06, 12 wuaz 18 UTC

daya PFFT “u18de Aman1evas MAP vasgasiadagiu fu

A1 FFG vasgaanandagliu

doya PFFT  TugUuuudkuinuuazuanssiednneg lay Smaas
= & A4 % o w a ¢ o

nuefs NunnaasliadudrAgyuazfaniuaaiunisal was d

A9 MUNEDe WunfEgssan IsiiaUIvaInfiuaay

01-hr PFFT 12UTC = 01-hr Merged MAP 12UTC - 01-hr FFG 12UTC (mm/1hr)
wesulasamunsaifesintu a1 Fasan 13UTC
03-hr PFFT 12UTC = 03-hr Merged MAP 12UTC - 03-hr FFG 12UTC (mm/1hr)
wesulasamunsaifesintu a Fasan 15UTC
06-hr PFFT 12UTC = 06-hr Merged MAP 12UTC - 06-hr FFG 12UTC (mm/1hr)
wesulasamunisaiiesintu a 9asan 18UTC

Page 31

(5) MRCFFGS CONSOLE (Forecast Precipitation)

DT

01-hr

03-hr

06-hr

24-hr

WRF Forecast

A L WRF Forecast (WRF Model Precipitation Forecast)

I — v g

i ! 1) doyaiinsuFuusemng Falus

2) doya WRF Forecast uwansA1UIuIUNY
A1AN130§31N3¥UY MRCWRF Model Tuiaq

2017-12-26 00-00 UTC
Text: view

s

2047-12-26 00:00 UTC 2017-12-26 00:00 UTC

: 1-hr, 3-hr, 6-hr, waz 24-hr

Y ; ® 01-hr WRF Forecast = Usunarluainnisal

2017-42-26 00-00 UTC
Text: view

2017-12-26 00:00 UTC 2017-12-26 00:00 UTC geiy 1 ’Zl"ﬂ&N (mm/1hr)

Text: view Text: view

i ® 03-hr WRF Forecast = U3unaslumianisal
Y S azau 3 9lus (mm/3hr)

‘\.-' ® 06-hr WRF Forecast = Usunauslumianisal

2017-42-26 00-00 UTC
Text: view

2047-42-26 00:00 UTC 2017-12-26 00:00 UTC dzeu 6 GU’JI&N (mm/éhl’)

Text: view Text: view

- ® 24-hr WRF Forecast = Usunarluainnisal

ﬁbl dzau 24 $alug (mm/24hr)

047-12-28 00-00 UTC
Text: view

2047-12-26 00-00 UTC
Text: view Page 32
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(5) MRCFFGS CONSOLE (Forecast Precipitation)

_—
96 R Gomeasd o W FMAP (Forecast Mean Areal Precipitation)
I I @ &
i i 1 1) doyalinsuTuusamng ¥alus
01-hr ' W g 2) %’ayja Forecast Mean Areal Precipitation
nansArUsu1idua1anisalannszu
MI?-_I;;E[E EI‘UE:?\IU utc ZMT-.E -Z!i IU[LUU utc 207 _1[525 IU_U!:.UU utc ,
: | MRCWRF Model Tuaiqg 1-hr, 3-hr, 6-hr,
¥ Y wag 24-hr
03-hr L ¥ -3
= 01-hr FMAP = USunausumianisalaeay 1
2017-12-26 0000 UTC 2017-12-26 00:00 UTC 2017-12-26 00:00 UTC o
2 i - Toat v 21319 (mm/1hr)
I I ! " 03-hr FMAP = uUSunauruaianisalazau 3
A Lt 7
06-hr U p 2 o F21l34 (mm/3hr)
T = 06-hr FMAP = USunausumianisalazay 6
HAT-A12-26 ﬂ_ﬂ:ﬂﬂ urtc Zﬂﬂ-l!-Z‘fi fiﬂe:ﬂﬂ uTc ﬂ‘]‘l’liuﬂ (mm/6hr)
- | " 24-hr FMAP = USunaeluaianisalazay 24
Falus (mm/24hr)
24-hr | /
2017-12-26 00-00 UTC F017-12-26 00:00 UTC

(5) MRCFFGS CONSOLE (Forecast Precipitation)

o W Gomacah A L FFFT (Forecast Flash Flood Threat)
I I = o &
i i l 1) dayafinisuiudsamng 6 Falus a 1aan 00, 06, 12
- waz 18 UTC
2) doya FFFT  wuneds Awar19ves FMAP 489
2017-12-26 00-00 UTC F017-12-26 00:00 UTC 2017-12-26 00:00 UTC Bd’JQL"aa"lau"lﬂm ﬁU Fi’] FFG maqﬂd’)qy)aq{]qaﬁ"u
Text: view Text: view Text: view 9
i i [ 3) daya FFFT  TugUuuuunuituasuansiaedsingg
i i - o & dd o
o, Toe dwmdes uuieds AuiifinaslinnudiAguas
1 gk Y s
=5 \S hES ; famudniunisal waz dune nuneds Nuiiidesde
AMsNaUIaINAUDEN
2017-12-26 00-00 UTC F017-12-26 00:00 UTC 2017-12-26 00:00 UTC
o o e o e ® 01-hr FFFT 12UTC = 01-hr FMAP 12UTC - 01-hr
I I & o
i Sl i | FFG 12UTC (mm/1hr) iieauladatunnsaiiiay
b S a & ,
— =~ = WAy o Aiaeran 13UTC
e LY
\ ® 03-hr FFFT 12UTC = 03-hr FMAP 12UTC - 03-hr
¥ 42 ¥ 42 ¥ o ol o
wrpEwwme | mrpsweec | ovescwc FFG 12UTC (mm/3h) wieauloaaunsalitos
| AU a Gagraan 15UTC
®  06-hr FFFT 12UTC = 06-hr FMAP 12UTC - 06-hr
P FFG 12UTC (mm/3hn)  iieauleaniunsaliies
AU o Ga9raan 18UTC
2017-12-26 00-00 UTC
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(6) MRCFFGS CONSOLE (Flash Flood Risk)

DT Flash Flood Risk

i FFR (Flash Flood Risk)

1) dayaiin1susuuzmng 6 Falug o 1281 00, 06, 12 WAz

12-hr

18 UTC
arapwane  2) Yoya FFR wanadianudululdlunisifin Flash Flood
— | lutasnaan 12-hr, 24-hr, uag 36-hr 1wt lagady
dayauSuiuruA1AnN15aiann WRF Model

s Precipitation Forecast Iasa1udululunisiiniian

5293149 0.01-0.6

2047-12-27 00:00 UTC
Text: view

36-hr

2017-12-27 00:00 UTC

Taxt: view Page 35
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(1) n1sAnnIugaIunIsal

<)/ @ MACFFG Reol-Time Proc. x S WR——- e

€« Cla tps //184.185.140.80, Qe @ i

R B ICE - Wot

Manage: B4 Physical Geography RVIR-Mekor
d Guidance System

https:// ?4 T8§ 14U 80/M ITQ G J_COJNSOLE

7Qa B

Jerﬁ%mqe =traj

5 sw]braP
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Page 37

(1) n1sAnAINEa RNl

MRCFFG - Mekong River Commission Flash Flood Guidance System

LA e e T i ey
Year: 2017 Month: 12 Day: 29 Hour: 00 REGION: THAILAND ¥ OPTION: MED\AN ¥ || Submit I
on ay -b Hours -1 Hour +T Hour ours +1Day +1 Mm

B8-hr Interval (18 UTC) || Resetto Current || Next 6-hr Interval (06 UTC)

Laaﬂ‘U'NL’)a'WlWﬁ]']ifwﬂl Product Console - Main Table
OF W P W e Geeg AP [y ™ we v o

%
S K \ | S| ! '

i
S1 NI | | LS

B ;i“

43
i
‘

Composite Product: text | SV JCEVT Download CSV
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(1) n1sAnnIugaIunIsal

d composite table 01hr thatand.csv -

Formulas  Data ACROBAT

3 ?‘E:‘w ) SRR Y B 5 Bwapte General -y » E;‘i;‘fs“"' - p
5% o format pantar [ B 7 4 - [E5- 8- 5= Evegetiomir - F-% 2 [30.3) Conttom P i Coarw o s
Cipbamd 3 Font 3 lignener Numte Editing -
Al f BASIN v
A B c D E F G H 1 bl K L M N R =
1 |BASIN  |[MAPD1  MAPD3  MAPOE  MAP24  GMAPO6 GMAP24 PETOE  ASMU ASML ASMT FFGOL  FFGO3  FFGO6  PREVFFGOPREVFFGOPREVFFGOIFFTO1
2 101622 ] 0 0 0 0 0 0.72 0.33 0.72 0.50 203.82 229.91 253.91 20347 229.56 253.56
3 101624 0 0 0 ] 0 0 0.72 0.33 0.73 0.6 17478 19675 2167 17444 1964 216.36
4 101626 0 0 0 0 0 0 0.72 0.31 0.67 0.51 201.88 221.04 239.53 20151 22066 239.15
5 101628 0 0 0 1] [} ] 0.72 0.32 0.69 0.56 202.52 221.77 240.39 202.15 221.39 240.01
6 101632 0 0 0 0 0 0 0.72 0.34 07 0.59 18623 207.49 227.65 18586 207.12 227.28
7 101634 0 0 0 0 0 0 0.72 0.33 0.72 0.57 1576 17691 19415 157.25 176.56 193.79
8 101636 0 0 0 0 ] ] 0.72 0.33 0.69 0.56 174.62 192,65 209.44 174.22 19225 209.04
9 101638 0 0 0 0 0 0 0.72 0.32 0.69 0.56 18541 202.99 219.72 18503 2026 219.34
10 101640 0 0 0 ] 0 0 0.72 0.33 0.7 0.57 190.31 208.88 226.61  189.9 208.47  226.2
i1 101642 0 0 0 0 0 0 0.72 0.35 0.7 0.55 193.95 212.02 229.28 19351 21158 228.84
12 101644 0 0 0 1] 1] ] 0.72 0.32 0.69 0.53 212,63 233.29 252.85 212.24 2329 25246
13 101646 0 0 0 0 0 0 0.72 0.32 0.69 0.53 200.62 217.06 233.53 200.23 21666 233.14
14 101648 0 0 0 0 0 0 0.72 0.36 0.7 0.58 19657 21677 23629 19613 21633 23585
L5 101650 0 0 0 4] 1] ] 0.72 0.34 0.73 0.57 189.67 212.62 23346 189.3 21225 233.09
16 101652 0 0 0 0 0 0 0.72 0.36 0.71 0.6 18517 20568 225.86 18478 20529 225.47
17 101654 0 0 0 4] ] ] 0.72 0.35 0.72 0.57 189.87 2113 231,35 189.45 210.88 23093
s 101682 [ 0 0 0 0 0 0.72 0.34 071 0.58 188.91 207.37 22508 1885 20696 224.67
19 101684 0 0 0 0 0 0 0.72 0.31 071 0.58 184.07 208.72 230.77 183.74 208.39 23045
o 101686 0 0 0 0 0 0 0.7 0.26 0.66 049 20537 2294 25139 205.04 229.07 25106
L 101688 0 0 0 1] 1] [] 0.7 0.32 0.68 0.52 199.15 219.78 239.16 198.77 2194 23877
2 101690 0 0 0 ] 0 0 0.7 0.35 0.69 0.55 176.06 19245 209.76 1757 192.08 209.39
= 1N1AGY n n n n n n n7 na nAR ns1 N4 70 1637 4R T2 N4 a1 275 aa 245 34 -
20171229-0000 ffgs prod compesi [ “ 3
sy i - 1 + 100%
Page 39
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(2) QGIS

QGIS 2.18.6 - MAP24hrs
Dofabase Web Processing Help

Project Edt View Laver Settivgs Pugins Vector Raster
B PP RPPLRRRED L I=v, - B

Lapers Parel
s *

< Rotation s.0 3/ X Render @ EPSG38S7 (OTF) @

R Sclet:cmonmnn - @ Magifier aoc¥

1 legend entries removed Coordinate|  11005812,761108

Page 41

(3) Add Layer

7 QGIS 2.18.6 - MAP24hrs
Layer | Settings Plugins Vector Raster Database Web Processing Help

Project Edit Vie

D [ Create Layer

Add Layer

Ctrl+5hift+D

Add from Layer Definition File... (@ Add PostGIS Layers

R

(1) Layer>Add Layer>Add Vector Layer...

# Add vector layer ? X ¥ Add vector layer ? X

"rceévFo wse>>mrgffe basips 03_ thallan;lﬂope fational_3sec_20171018.shp

Encoding UTF-8 - Encoding |UTF-8

Source e
Dataset Browse Dataset |and_operational_3sec_20171018.shp Browse
Cancel Help Cancel Help

(3) Open
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(3) Add Layer

Z QGis 2186 - o
Project Edt ayer Settings Plugins Vector Roster Dotobase Web Processing Help
PN LT e vE& v S=v, v B
= a
Coordinate 108.50,10.64 ¥ Scole ermuch,cimes v @ Mognifier woo% 3| Rotation I X Render QEPSGAN6 @

Page 43

(4) Add Table

7/ QGls 2.1856
£ o .
Project Edit View Layer Settings Plugii UUWUIAI9: Create a Layer from Delimited Text File

D D @, \”3] ¢§ ¥ Create a Layer from a Delimited Text File : ?

File Name [ Browse...
g D Layer name Encoding UTF-8
File format ® CSV (comma separated values) Custom delimiters Regular expression delimiter

Browser Panel

- 4 —?

Q < T @ Record options ~ Number of header lines to discard [0 =) 3% First record has field names
Field options Trim fields  Discard empty filds | Decimal separator is comma

Home
Geometry definition Point coordinates Well known text (WKT) @ No geometry (attribute only table)

Favourites
C,{ Layer seftings Use subset index Watch file
- D:/
E:/

v DB2
P mssaqL
D Dracle Please seledt an Input file — -
— @ rostas
% /£ Spatialite
VAl Q"' ArcGisFeatureServer

(4) Add Table =
T S (12
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(4) Add Table

7 Create a Layer from a Delimited () @A CSV ‘W=7 Download 1nannszuy MRCFFGS

IFiIe Name 53/DEC2017/29DEC2017_00UTC/DATA/20171229-0000_ffgs_prod_composite_table_01hr_thailand.csv Browse... I

Layer name 20171229-0000_ffgs_prod_composite_table_01hr_thailand Encoding UTF-8 -

File format I @® CSV (comma separated values)l Custom delimiters Regular expression delimiter

(6) 1&2n CSV

Record options Number of header lines to discard o 2| ¥ First record has field names
Field options Trim fields Discard empty fields Decimal separator is comma
Geometry definition Point coordinates Well known text (WKT) I @® No geometry (attribute only table)l
Layer settings Use spatial index Use subset index (7) lﬁaﬂ No geometry
BASIN | MAPO1 | MAPO3 | MAPOS | MAP24 | GMAPOS | GMAP24 | PETO6 | ASMU | ASML | ASMT | FFGOL | FFGO3 |
1 |101622 0.00 0.00 0.00 0.00 0.00 0.00 0.72 0.33 0.72 0.59 |203.82 229.91 2
2_ 101624 0.00 0.00 0.00 0.00 0.00 0.00 0.72 0.33 0.73 0.60 174.78 196.75 2
3_ 101626 0.00 0.00 0.00 0.00 0.00 0.00 0.72 031 0.67 |0.51 |201.89 |221.04 |2
Z 101628 0.00 0.00 0.00 0.00 0.00 0.00 0.72 032 0.69 0.56 202.52 221.77 2@
gl [ n o oo SEREE St e E R e B
(8) OK Cancel Help

Page 45

(4) Add Table

/ QGIS 2186 - a
@ ::'. P fa i A Layers Panel *
- B ® V&Y
=)
20171229-00 s prod co...

X B mrcffi sins_03_thailand...

X [ mrcifg_basins_03_thailand...

Coordinate 99.40,10.22 B Scale cer,wmci,cimer v i Mognilier woo% 3| Rotation 0.0 3 X Render @EPSG4AI6 @

Page 46
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(5) Joint Table

Lo R 0 e W

& Layer Properties - mrcffg_basins_03_thailand_operational_3sec_20171018 | Joins
Home = b
. @) %, General Join layer Join field Target field | Memary cad | Prefix Joined fields
Favourites 3~ Zoom to La ¥ s
c/ .
Y, Show in Ovdreges
@E:/ [l Remove I Fields
DB2 E & Rendering
Duplicate
W mssqL P ® Dispioy
@ Orade Set Layer Sclai

4 Joi

=T= (10) %69 Layer Properties
Set Project (PN

@ posicrs Set Layer CH
£ spatialite
@& ArcGisFeatureServer

@ ArcGisMapServer Styles

© ows Open Attrib|

g :’JICESServer o) ¢ Toggle Editi

& wWrs Save As... 3

(f) WMS Save As Lay| Style oK Cancel Apply Help
Filter...

Show Feature Count

Properties

Rename

() Merge: Shape e I TV

(5) Joint Table

# Layer Properties - micffg_basins_03_thailand_operational_3sec_20171018 | Joins

Join layer Join field Target field | Memary cadt | Prefix Joined fields

¥ Add vector join ? X

Join layer 20171229-0000_ffgs_prod_composite_table_01hr_thailand ~

Variables Join field -

Legend Target field -

(10) Add vector join

X Cache join layer in virtual memory

[] Create attribute index on join field

v Choose which fields are joined

Style « 0K Cancel Apply R ] BASIN B
I mAPO1
I MAPC

E saanos &

v Custom field name prefix

[2017 1229-0000_ffgs_prod_composite_table_01hr_thailand_ l

(11) wii1si1e Add vector join Cancel
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(5) Joint Table

/. Add vector join ? X

Join layer 20171229-0000_ffgs_prod_composite_table_01hr_thailand -
Join field 123 BASIN -
Target field 123value -

X! Cache join layer in virtual memory
[] Create attribute index on join fiel -

(12) Setup A1%199UBY Add vector join

v Choose which fields are joine

[ BASIN E
[ 1 MAPO1
[ MAPO3
[lwanpne E

¥ X| Custom field name prefix

| |

(1) ok coc

(5) Joint Table

I Layer Properties - mrcffg_basins_03_thailand_operational_3sec 20171018 | Joins ? X

Join layer |Join field |Target field | M
20171229-0000_ffgs_prod_composite_table_01hr_thailand BASIN value

© . Variables

"= Legend

(14) Apply ™

Help

Page 50
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(5) Joint Table

7/ QGIS2.186
Project Edit View Layer Settings Plugins Vector Raster Database Web2Loc -
D BLR (02205 BPP g e o S e e e e e e
4 @ =gEs| = 252
v Browser Panel ;
© 2T H®He
:-D Home =~
2, Favourites +) Zoom to Layer
° =) Show in Overview
L. R4 D:/
Py E:/f Q Remove
(S~ 4
é DEZ_A [ Duplicate o -
§ @ . o
%~ g (16) Open Attribute Table | : =
% 7 opauaie Set Project CRS from Layer ==
7 & ArcGisFeatureServer | ! b
+ @) ArcGisMapServer
Vov @ ows B Open Attribute Table ™ o
@ Til .
B e Zogclo g (17) viidn9va9 Open Attribute Table
& WFs Save As...
B wms Save As Layer Definition File...
Filter...

Layers Panel Show Feature Count

v 3 & T vl & O Properties

== 20171229-0000_ffgs_pr Rename
P4 mrcffq_basins 03 thailand...

Page 51

(5) Add Background Map

atabase | Web | Processing Help

MiverD 525 s, O B

Openlayers Qverview

Terms of Service / About

# OpenStreetMap 4

Google Maps Google Physical
Bing Maps Google Streets
[3 OSM/Stamen » Google Hybrid

® Wikimedia Maps » Google Satellite
# OSM/Thunderforest * Set API key
Apple Maps -

(18) Web>OpenLayers plugin>Google Maps>Google Physical

Page 52
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(5) Add Background Map

20171229-0000 figs prod <o..,
X [ mrctfg_basins_03_thailand...
X Google Physical

Coordiate| 1224516672469 | Scaleiow,onc v =/ @ Mopniier/co% 3 Rotation .0

2 X Render @ EPSG857 (OTF) @

Page 53

(6) SAVuaUTl Mean Areal Precipitation

4 QGIS 2.18.6
Project Edt View Layer Settings Plugins Vector Raster

Datobase Web Processing Help

- Q=
ax
Zoc
st ew
Remc
() Duplicate

20171229-0000_figs_prod_co
b mrdiig basins 03 thailand
X Google Physical

Layers Panel
¢« § ® T &Yl

Scale Visibility
CRS

RS from Layer

T

X Google Physical

- 20171229-0000_ffgs_prod_co|

Show Feature Count
Properties

Rename

999 Wi
“MAP24 (u3./24%31.)

2ok~ Macnifier aoo®

Graww

ASTM
FFGO6 (13./6%31.)
IF!:TaQ-uéw (}]u'x/gzmgl)( 157 (0T @

FMAP124 (u3./24%4.)
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(6) {fﬂ‘lfl'll,mu‘ﬁ Mean Areal Precipitation

] Layer Properties - mrcffg_basins_03_thailand_operational 3sec_20171018 | Style ? X
& style = [ il =
i M Simple fill

abels

Field: .
: - (19) Layer Properties>Style

Rendering N —

ot La| Vv
® ooy =/ 2)lL]|a]lY]
8B nctions Unit Millimeter -
- 4 Joins Transparency 0% [
Color

IER Diagrams
@ Metadata E

Variables ¥ Layer rendering
— Legend Layer transparency G o =

Layer blending mode | Normal -

Feature blending mode | Normal -
Draw effects

£l

Control feature rendering order

Style - Cancel Apply Help

(6) TR MMHUA Mean Areal Precipitation

& Layer Properties - mrcffg_basins_03_the

. ° 1 1
(20) Layer Properties>Style>N1%uUnAIA199)
Style
& sty Column 1.2 MAP24
€= Labels
Symbol Change...
B rields i Il chang
‘/ Rendering Legend Format | %1 - %2 Precision a Trim
. Method Color -
, Display
0@ Actions Color ramp B 1 [source] - Edit X Invert
* 4 Joins
Classes Histogram
IER Diagrams |
6 Metadat Symbol Values Legend H
© Metadaia Xl 0.000-7539 0-8 ]
Variables X HE 7.539-15.078 8-15
. X [ 15.078 - 22.617 15-23 @
= g o= g bl
Mode Equal Interval - Classes :
Classify BE | = Delete all Advanced -
X Link class boundaries g

Cancel Apply Help

(21) OK
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(6) SA9iuMUT Mean Areal Precipitation

Page 57

]~ (22) @379 Layout f1mSULHUN

Project>New Print Compose

7 Compos... ? x

Create unique print composer title
(title generated if left empty)

[MAP24 A

b}
(23) 6930 New Print Composer>MAP24

Page 58
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(6) Inv LTl Mean Areal Precipitation

t 2 1 .
(24) U199 New Print Composer>MAP24
¥ e ;‘“.i’%‘#.‘.‘l‘;.f'i.l{‘ﬂ :.\““.l‘.‘..‘.‘J.:%’%“m..%%”..‘.lﬁ.‘{..‘V?’.JM.I"!’#.HI‘.‘”.“H..\ Tens | Command histary. .
I v Page size
_", Presets A4 (210x297 mm) MK=E
Z Width m@o.0c0 =Rc=E
i Height me'nl.oo SR
9 Units mm -
Orientation | Portrait -6
R . . . .
E (25) Setup>Page size>Orientation>Portrait
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7 MAP24

Composer Edit View Layout o o
0Ly 3 (27) wunenusingnauaz
L 7]

7 MAP24
Composer Edit View Lay

CIEEEEL

;\.\'.H.”‘."IT‘IHHH.IT’?H\.H.\ YSuuss o Tr p
0] i du B U 3
ikl o5 s P
N g :
dE IRE
R
3 Y
o 3 g
— (28) Move item
e content
(26) Add new map N
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& H’ & :r
A =
E 2 =
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(6) SA9iuMUT Mean Areal Precipitation

Z MAP24
Composer Edit

Mgt (30) picture>Search directories>L§aﬂ3‘U

R ]

!
.. = o5
L=+ Q_E 2 h
= 2: :
o,

| as e &

o =
= Page 61

7 MAP24

Composer Edit View
ey s )

LR, FIOR,

(29) Add new scalebar

=
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03/01/61

31



(6) SA9iuMUT Mean Areal Precipitation

7 MAP24

Composer Edit View
= N Kot
s

120, 190,

ol

e

(32) New legend

Auge

e P O

T

[id] M o W"Ew,@'
1y

= 0
= 1
- 5.1
= n-»
3 »-»
== »--
O “-9
Add new legend =50
=
R 3 -
5 <A
—
f& E w 0w w o W
=z o0 — e re—
7 |22

(31) Add new legend

4]

7 MAP24
Composer | Edit View Layout Atlas Settin

Save Project Ctrl+S
L3 New Composer... Ctrl+N - O
L Duplicate Composer... (34) save composition as

E:l Composer Manager... mDuve

Print Composers 4

Add Items from Template... Save a5 type: JPG format (*jog * G

C s2 Lk
= ~ Hide Folder

E,, Export as Image...

Save

7 Image export options ? X

b Fxport as PDE

Export options

® Export as SVG... Export resolution [noo dpl

Page width oo px

(33) Print 3u:

* | Crop to content

Composer>Export as Image... (35) Image export options

Save Cancel

3 Page 63
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