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Aplicaciones de Teledeteccion para el Monitoreo del

Balance Hidrico en la Cuenca Inferior del Mekong

27 de Marzo de 2017
John Bolten (NASA GSFC)




Motivacion

Inundaciones en el Mekong
Figure 8. Population exposed to sea-level rise, storm surge and subsidence by country (for scenario FAC). ° I_O S in un d @ Cio Nnes eS'I'é N en 'I're |OS

Total estimated exposure is 147 million people.

— desastres naturales mdas comunes y

ECUADOR .
ElﬁA’{)ZlL P INDUSTRIALISED OTHER

)
NETHERLANDSv 2% DEVELOPING dCI NINOS

295 4%,
COTED'WOIRE

* Las dreas costeras y bajas son

/\/\\ particularmente susceptibles*

« Es probable que el cambio climdatico

TH“’;‘;’;NE/—;?/ iIncremente el riesgo de inundaciones
JA;;N ( ITQI::.)I:
VIE;{&ANII BAN(?IE%DESH

* Referencia: Nicholls, R. J. et al. Ranking Port Cities with High Exposure and Vulnerability fo Climate Extremes. (Organisation for Economic Co-operation and Development, 2008)
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Motivacion

A « Las inundaciones estan entre los
Viet Nam News, ;
@ THE NATIONAL ENGLISH LANGUAGE DAILY deSOSTreS nOTurO|eS mqs Comunes y
Early floods threaten Mekong rice fields daninos
August 5, 2017 « Las dreas costeras y bajas son

e P particularmente susceptibles*

« Es probable que el cambio climdatico
iIncremente el riesgo de inundaciones

Typhoon Damrey kills 106 in Vietnam, reservoirs

brimming before APEC " : o , |
B e Nover e s Es crucial entender los impactos de |as

e L e inundaciones para mejorar la respuesta

ante los desastres y la mitigacion de
efectos a nivel local y regional

* Referencia: Nicholls, R. J. et al. Ranking Port Cities with High Exposure and Vulnerability to Climate Extremes. (Organisation for Economic Co-operation and Development, 2008)
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El Paisaje Hidroldgico

|ATMOSPHERIC MOISTURE |

(evapotranspiration}
i,/..\\

|PRECIPITATION |

) ! (evaporation) ~ Adquatic
C | Systems
Insects \ S Game Watgr
; Animals Ergsion
A \
T Wind Erosion 7 ljRUNOFF STREAMS
7 . 7 ANNZ NN K
AN JA l \,//«\\\ 7d \\\QW W > Water
Crops & <F < SOIL MOISTURE | Quality
/ Plants /\ Fay
Farm
Income_ [SHALLOW GROUND WATER
Aquatic .
Earth / lL N hatiow Wells  Systems bl
_Hazards [DEEP GROUND WATER]-\
Municipal Water Supplies
WATER STORAGE ZONES |__ ]

WATER FLOWS (AND IMPACTS) ——1>
IMPACTS ~—————p» Erosion

Fuente de la Imagen: Chagnon, 1989
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Aquatic
Systems

!

LAKES &
RESERVOIRS

TS

« 3COmo podemos reducir
nuestra propagacion de
incertidumbre acerca de
extremos hidroclimdticos?

» Por ejemplo, suna sequia
meteoroldgica ocasionard
una sequia hidroldgica o
una sequia agricola?

— 5Comoze 3Cudndo®?
sDonde?

« 5COmo se relacionan las
F ases de precipitacion y
evapotranspiracion con la
humedad del suelo, el
desague superficial, el
almacenamiento de
aguas subterrdneas, la

descarga fluvial y la
@

productividad de la
vegetacion?



Cerrando el Balance Hidrico Terrestre Mediante la Teledeteccid

AW/At=E+T-P-divQ © = Humedad del Suelo
. Radiacion de Microondas: AMSR, SMOS, SMAP
Balance Hidrico

Atmosférico P = Precipitacion
Radiacion de Microondas: SSM/I, TRMM, GPM

E = Evaporacion/Humedad Superficial
Radiacion Infrarroja y de Microondas:
AIRS/AMSU

Rn: Radiacion
Onda corta: GOES
Onda larga: AIRS/AMSU :

H, G: Temperatura Superficial o
T = Transpiracion/NDVI

AIRS, AVHRR, MODIS
Visible y Casi Infrarroja: MODIS, AVHRR, GLI, VCL

Nubes: GOES Vegetacion: NDVI, AVHRR, MODIS, Landsat
Vapor (LE): AIRS/AMSU

»

R = Escorrentia/Nivel Fluvial

Los balances hidrico y energefico Léseres y Radar: TOPEX, Radarsat, SWOT*

superficiales estan vinculados por

la evapotranspiracion N Agua Total/Aguas Subterrdneas: GRACE
Balance Energético wcepa Flujo de aguas Balance Hidrico
RN+H+LE+G=0 fredtica subterrdneas Al AO/At=P-FE-T-R

2018. "Global Hydrological Cycles and Water Resources." National Academies of Sciences, Engineering, and Medicine. 2018. Thriving on Our Changing Planet: A Decadal Strategy for
Earth Observation from Space, Washington, DC: The Natfional Academies Press [10.17226/24938]
5 .

NASA’s Applied Remote Sensing Training Program


http://dx.doi.org/10.17226/24938

Satélites, Sensores y Cronogramas

Terra/Aqua (AIRS): perfil de vapor, nubes, perfil de temperatura aérea, temperatura

Atmostera superficial, 12,5 km (2000 - hoy)
GRACE (2002-2017)
Agua Total GRACE-FO: 100 km (2018-hoy]
Lluvi TRMM: 25 km, 3-hr (1998-2015)
uvia GPM: 10 km, 30 min (2014 - hoy)
Aqua (AMSR-E): radar banda-c (2002-2015);
Humedad del (AMSR): 25 km (2002-2011)
SMAP: radar banda-L (2015); 36 km (2015-hoy)
Suelo SMOS: 25 km (2009-hoy)
Humedad Nimbus-7 (SMMR): Banda-c 150 km (1978 — 1987)
Lluvia DMSP-F8-13 (SSM/1) y DMSP-F15-18 (SSMIS): humedad, lluvia, nubes 12-50 km (1987-hoy)
Vv tacidén NOAA-15 (AVHRR): NDVI, temperatura superficial 4 km (1980 - hoy)
egeldacio Terra/Aqua (MODIS): NDVI, temperatura superficial 1 km (2000 - hoy)
Temperatura -
Superficial Landsat: Vegetacion, Uso del Suelo-Cobertura Terrestre 30 m
«—O O O O
1980 1990 2000 2010

NASA’s Applied Remote Sensing Training Program



Objetivo

Herramientas y
Modelos

Retroalimentacion y
Productos de Datos por confribuciones de SERVIR y
Teledeteccion/ In Situ colaboradores en la cuenca del
Mekong

Mejores
Decisiones para
la Gestion de
Recursos Hidricos

i t .’ “““
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Sistema Hidrologico de Apoyo para Decisiones de la Cuenca
Inferior del Mekong (LMRB por sus siglas en inglés)

1 [
Population

* El modelo SWAT para la The LMRB (superficie drenada & e e TE @ e
de ~ 495,000 km?) sigue de cerca la configuracion China o
subcuenca MRC [Rossi et al., 2009] VN

« Se adoptd ASTER, un modelo de elevacion digital
(digital elevation model o DEM) con una resolucion =3
cuadricular de 1 arco segundo ’

« Se implementod la version 1.2 del Harmonized World Soil
Database [FAO et al., 2012]

Gulf of
Tonkin

« Se utilizaron productos de datos MODIS, NDVI, Landsat TM
y ETM+ data para obtener este mapa de usos del suelo

Datos de descarga obtenidos de la Mekong Rever Comision (MRC,
www.mrcmekong.org)

15° N

Se interpolaron datos de descarga actualizados con datos de nivel observados
obtenidos del Asian Preparadnos Desastre Center (ADPC, www.adpc.net)

Gulf of

P/ Thailand \

J 2

i LA

{_; 0 75 150 300 -~
e p—

Kilometers

Z|¢
£

Rossi, et. al., 2009. Hydrologic evaluation of the lower Mekong River Basin with the soil and water assessment tool model. IAEJ 18, 1- &l

13, hitp://114.255.9.31/iaej/EN/Y2009/V18/101-02/1 T 100°E

rw &
NASA’s Applied Remote Sensing Training Program q SA IC SERVIR .
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SWAT: Soil and Water Assessment Tool*
hitps://swat.tamu.edu/

« SWAT es un modelo hidroldgico conceptual a
nivel de cuenca hidroldgica disenado para
enfrentar los retos asociados con la gestion
hidrica, el sedimento, cambio climdatico, cambio
de usos del suelo y rendimiento quimico agricola

« Las aplicaciones de SWAT varian de nivel de
campo a nivel de cuenca a nivel continental

* Los componentes del modelo SWAT son
hidrologia, clima, sedimentacion, temperatura
del suelo, crecimiento de cultivos, nutrientes,
plaguicidas y gestidon agricola

* Herramienta para la Evaluacion del Suelo y del Agua en inglés

** Referencia: Gasman, P.W., Reyes, M.R., Green, C.H., Arnold, J.G., 2007. The soil and water assessment tool: Historical development, applications, and future research directions. T

ASABE 50, 1211-1250, https://doi.org/10.13031/2013.23637

NASA's Applied Remote Sensing Training Program

XAS A&M

TEXAS A&M
GRILIFE =
UNIVERSIT Y, RESEARCH

. pesticide
GLEAMS . component

Agricultural
Research
Service

Enhanced management
submodules

QUAL2E

« subsurface tile drainage

« filter strip representation

» HRU representation of
grassed waterways

© daily rainfall :

CREAMS |— hydrology : —>{ SWRRB

. component

: crop :
EPIC > growth —
>, £omponent -

. in-stream : + temporal introduction of
: v_k!’_‘??'c_s‘ g BMPs and/or land use
l + expanded irrigation options
L >l SWAT " carbon
cyding ChARM
e
. routing alternative daily and

. structure

subdaily hydrology
submodels

Improved sediment

Routing components

routing submodels

* reservoirs

* point sources
« septic tanks

« ponds/wetlands/potholes

+ steam channel sediment
routing routines based
on four different routing
models

Esquema de la historia del desarrollo y adaptaciones

del modelo SWAT (adaptado de Grossman**)

AN

SEFACE FLIGHT CENTER ® SERVIR

MEKONG


https://swat.tamu.edu/
https://doi.org/10.13031/2013.23637

Tipos de Uso del Suelo/Cobertura Terresire* en el LMB que Pueden
Afectar la Hidrologia y los Resultados del Modelo Hidrologico SWAT

 Tipos de LULC Agricolas

— Arroz pluvial vs. irigado (una cosecha vs.
doble-cosecha)

— Oftros culfivos anuales (ej., cultivos en hilera,
cana de azucar, yucaq)

— Cultivo permanente vs. itinerante

 Tipos de LULC Forestales

— Principalmente latifoliados con diferentes
niveles de caducifolios

— Gradiente de bosques casi virgen @
altamente perturbados

— Plantaciones forestales industriales (ej., Fotos de diferentes tipos de LULC en la cuenca inferior
CGUChO) del Mekong adquiridas de la Mekong River Commission
« Ofras clases de LULC
— Agua, yermo, urbano *LULC por sus siglas en inglés (Land Use Land Cover)

Spruce, J., J. Bolton, R. Srinivasan, and V. Lakshmi. 2018. "Developing Land Use Land Cover Maps for the Lower Mekong Basin to Aid Hydrologic Modeling and Basin Planning." Remote
Sensing, 10 (12): 1910 [10.3390/rs10121910]

NASA's Applied Remote Sensing Training Program 10 .
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Flujos de Trabajo para Derivar Mapas LULC

Reflectancia Procesar Reflectancia MODO09/ Mosaico Landsat - Reflectancia TOA
de 8dias | MYDO9 en Datos del NDVI de 32 dias —— v
MODO09 con Time Series Producto Tool (TSPT) Clasificacion LULC

« Clasificacion no supervisada de datos

« Remover nubes y sombras del MODIS NDVI de 2010

« Reducirruidos residuales

Nubes, e o « Clasificacion no supervisada de tipos
Sombras " | Definirgeometria visual de cobertura en escala mds fina a
MOD35 « Combinar productos Tera/Aqua ™\ oartir de datos Landsat
* Interpolar lagunas de datos « Mapas LULC integrados con software
« Filtracion Savitzky-Golay ERDAS Imagine
Geolocadlizacién _, * Re-agregar como compuestos * Mapas LULC evoluodo; con imdagenes
MODO03 de 32 dias satelitales de la MRC, Bing o Google o

imagenes satelitales, perfiles MODIS
NDVI y datos de Landsat

« 12 productos al ano

« Datos Landsat del mosaico de la temporada seca de 2011
« Nias MODIS de 32 dias de la temporada seca se utilizaron para mapear el bosque
« Se utilizaron las 12 fechas de los Nias MODIS de 32 dias par mapear la agricultura

Spruce, J., J. Bolton, R. Srinivasan, and V. Lakshmi. 2018. "Developing Land Use Land Cover Maps for the Lower Mekong Basin to Aid Hydrologic Modeling and Basin Planning." Remote
Sensing, 10 (12): 1910 [10.3390/rs10121910]

.-. . NASA’s Applied Remote Sensing Training Program 11 .



Mapa de Cambios de LULC de 1997 a 2010 de la LMB - 9
Clases de LULC por Fecha

-~

sl ¥

)
No Change - LULC Class Description
no change - barren

no change - urban

- no change - annual crops
no change - shifting cultivation
!._._:__.. no change - scrub/shrub

no change - deciduous forest/scrub

- :

Some Apparent 2010 vs. 1997 LULC Changes
SB 1 — area only partially mapped in 1997

SB 2 — more deciduous forests

SB 3 — more annual crops

SB 4 — more industrial forest plantations (IFPs)

SB 5 — more annual crops

SB 6 — more annual crops and IFP areas

SB 7 — some differences in forest classifications

SB 8 — some urban expansion

no change - evergreen forest

no change - industrial forest plantation

no change - wetlands

Change - LULC Class Descrition
change to barren in 2010

change to urban in 2010

change to annual crops in 2010

change to shifting cultivation in 2010
change to scrub/shrub in 2010
change to deciduous forest/scrub in 2010

change to evergreen forest in 2010

change to industrial forest plantation in 2010

change to wetlands in 2010

NASA's Applied Remote Sensing Training Program 12




Proyecto Mapa LULC 2010 vs. Mapa LULC 1997 Recodificado de la Mﬂ

i., Subset de SB7
eJ., Jubse e
102°0’'E 102°30’E 103°0’E 102°0’E 102°30’E 103°0’E
| 1 | |
! /2010 LULC | 7 \ @ Ly 1997 LULC . (tﬂ
5N T = . B < NS Y/ 3
Al "’.‘ﬁi p !
: e
-
o
= z z z
o o o o
o o o ¢ a-o
©o 0 o 5 % 9
& 9 J‘_
5 ay < é
i * r ?l ]
an F ST
LG - Y
- . = & & " 3 7
. A ; S B y i P _ o 25 50 km
R YN ¢ gMas . RN | | o f 1 | |
e %‘ <25 )'/3 o | J_‘T%»'--' | I | ¥ % 1 Il ! ! - ]
102°0’'E 102°30’E 103°0'E 102°0’E 102°30’E 103°0'E

* El mapa LULC 2010 muestra varios tipos de agricultura permanente mientras que el mapa LULC 1997
tiene solo un tipo general de agricultura permanente

« El mapa LULC 2010 fiene una unidad minima de mapeo mads fina con respecto al mapa de 1997
(0,0625 km? vs. 0,5 km?)

« El mapa LULC 2010 también muestra mas dareas urbanas (rojo en los mapas superiores)

Fuente de las imdgenes: Remote Sensing 2018, 10, 1910; doi: 10.3390/rs10121910
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Resumen: Puntos Clave

 El proyecto actualizd los mapas LULC para la cuenca inferior del Mekong que se estan
utilizando en los modelos SWAT MRC para los SBs 1-8

— En total, 18 tipos de LULC se mapearon para la actualizacion del mapa anterior de 1997
« Los resulfados de las evaluaciones de la precision del LULC para los SBs 4 y 7 mostraron una

alta concordancia con datos de referencia (80%+)

— El mapa LULC 2010 incluyd mas tipos de cultivo permanentes que el mapa LULC 1997

— El arroz se maped en el mapa LULC 2010 segun el nUmero de cosechas al ano

— Datos del MODIS NDVI para la temporada seca facilitaron el mapeo de los tipos bdsicos
de bosques latifoliados caducifolios y perennifolios

— Datos Landsat multiespectrales de la temporada seca facilitaron el mapeo de tipos de
LULC mds escasos, finos y escalados (g)., urbano y aguas abiertas)

« Los mapas LULC del proyecto se estan utilizando en modelos SWAT de la LMB para ayudar
con la gestion del agua y de desastres

« Para mads informacidn, vea la monografia en Remote Sensing 2018, 10, 1910:
doi:10.3390/rs10121910

.-. . NASA’s Applied Remote Sensing Training Program




SWAT- Paradmetros de Calibracion

Pardmetro Descripcion Rango

Precipitacion Factor de correccion r__Precipitation(SB#s){}.pcp -0.6 0.0]
Flujos Altos

CN2 NUmero de curva SCS inicial a condicion de humedad |l r__ CN2.mgt -10 10

AWC Capacidad de agua disponible para la capa delsuelo  r__SOL_AWC().sol -10 10

ESCO Factor de compensacion de evaporacion delsuelo  v__ESCO.bsn 0.5 0.9

Flujos Basicos

GW_DELAY Tiempo de demora de aguas subterradneas a_ GW_DELAY.gw -30 60
REVAPMN Que ocurra la percolacion hasta el acuifero profundo a__ REVAPMN.gw -750 750
GWQMN Profundidad umbral del agua en el acuiferopando a_ GWQMN.gw -1000 1000
GW_REVAP Coeficiente "revap" de aguas subterrdneas v__ GW_REVAP.gw 0.02 0.1
RCHRG_DP Fraccion de percolacion al acuifero profundo a__ RCHRG_DP.gw -0.05 0.05
GWHT Altura inicial de las aguas subterrdneas v__ GWHT.gw 0.0 1.0

Mohammed, I. N., Bolten, J., Srinivasan, R., & Lakshmi, V. (2018). Improved Hydrological Decision Support System for the Lower Mekong River Basin Using Satellite-Based Earth
Observations. Remote Sensing, 10(6), 885. http://dx.doi.org/10.3390/rs10060885

&
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Modelo SWAT con Datos Climaticos por Teledeteccion de Entrad

« Temperatura del aire < I /
minima y maxima . L
procesadas utilizando el £2]

GLDAS Noah Land =

Surface Model L4 3 ]

cada hora 0,25 x 0,25 g "M
grado V2.0 o
e
(L{I)_ . . . i ® Streamflow Outlet
* IMERG GRID
g.
o
=
g_)‘_.
S
i
= e Mean Annual Tmin
2000 2005 2010 2015

Mohammed, I. N., J. D. Bolten, R. Srinivasan, et al. 2018. "Ground and satellite based observation datasets for the Lower Mekong River Basin." Data in Brief, 21: 2020-2027
[10.1016/].dib.2018.11.038]

-
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Calibracion de Flujo Torrencial con en Modelo SWAT

SB # 1, Chiang Sean * SB# 2, Luang Prabang

» Calibracion secuencial de la =R, Sk \ A
\

8000

6000
L

Qerr (%) =081 o —— Sim \
ensenada del Alto Mekong a A~
Kratie, Camboya

m®/sec
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'\\.
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e
T T
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Mohammed, I. N., Bolten, J., Srinivasan, R., & Lakshmi, V. (2018). Improved S / :\ \ // & \ | 8
Hydrological Decision Support System for the Lower Mekong River Basin Using T y ¥ \:§._ /’ \ _______ & .‘t: ..... 7/‘ N
Satellite-Based Earth Observations. Remote Sensing, 10(6), 885. - - : — : 7 el : a1 8 . o
hﬁp;//dx_doi.org/] 0.3390/rs10060885 Jan05 May05 Sep05 Jan06 May06 Sep 06 Jan05 May05 Sep05 Jan06 May06 Sep 06

&
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Modelos SWAT a Base de Teledeteccion y Medidores -
Comparacion de Flujo Torrencial

Sub Cuenca NSE (Modelo | NSE(Modelo con o sB#1 ] [
(SB) de Teledet.) datos In-Situ) = - 3k
SB#1 Chiang 0.96 0.91 Eh ] €
Sean - . 5
SB#2 Luang 0.94 0.70 gSB#s
Prabang .1 ovs E
Q1 « sim(rs) ] o 2
SB#3 Vien Tiane 0.91 0.75 : “;M o
R -
SB#1 Chiang 0.81 0.53 ' A
Sean TR ok
éfgﬁr‘jmg 022 2.02 Gan 05 Sep 05 May 08 Jan05 Sep 05 May08 -
.g ) Descarga mensual promedio observada y simulada en m3/s en
SB#3 Vien Tiane 0.88 -3.31 seis subcuencas en calibracién del modelo LMRB (TRMM)

Mohammed, I. N., Bolten, J., Srinivasan, R., & Lakshmi, V. (2018). Improved Hydrological Decision Support System for the Lower Mekong River Basin Using Satellite-Based Earth
Observations. Remote Sensing, 10(6), 885. hitp://dx.doi.org/10.3390/rs10060885

rd d-ﬂﬂ d Ner/
) . . . . SEFACE FLIGHT CENTER ® SERVIR
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Modelo de Teledeteccion (GPM) y Modelo LMRB SWAT

» Los datos de precipitaciones GPM- [sB#1 [ [sB#2 ;
. NSE =0.71 [ ] NSE=0.74 Lo v
IMERG son la base del modelo LMRB o ] N (€ o
como verificacion “%mZA-- [ 2
* El modelo SWAT puede explicar entre S e 5 E o
el 71% vy el 96% de |la variabilidad en la ol Nsesose B e e
descarga mensual de Chiang Sean, FI e i -k
Tailandia, a Kratie, Camboya, cuando 3”'W/\" o
. < - - - -t
se orienta en base a GPM-IMERG [l ;
gEse.;e»ts F IsB#6 fg
2] NSE=094 | NSE=095 Lo 2
£ [ ] - E
S o ] oo
Decion Support Systerm or the Lower Mekong River Basin Using Sareliio Baved o Jan May Sep  Jan  May  Sep

Observations. Remote Sensing, 10(6), 885. http://dx.doi.org/10.3390/rs10060885

Descarga mensual promedio observada y simulada en m3/s en

Le, H., J. Sutton, D. Bui, J. Bolten, and V. Lakshmi. 2018. "Comparison and Bias Correction seis subcuencas en calibracion del modelo LMRB (TRMM)
of TMPA Precipitation Products over the Lower Part of Red-Thai Binh River Basin of
Vietnam." Remote Sensing, 10 (10): 1582 [10.3390/rs10101582]

]
rd dead N/
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Cambios en la Variabilidad del Flujo Torrencial en la Cuenca
Inferior del Mekong

Upper Mekong Yield Change

wo o w wowm s omom o a e ANANISIS de sensibilidad para el indice

g Mukdahan Colwell de previsibilidad (P) para la cuenca

2 Halandial)inferior del Mekong

§u] see - Previsibilidad observada durante del
periodo 2001 a 2015 en SB4, SB5 y SB6 es

& 0,342, 0,325 y 0,317 respectivamente

Z o « El cambio de la previsibilidad (eje y) reporta

§ o el cambio de previsibilidad escalado, es

s decir, (P, — Pops) /Pops X 100

8 " Krafie

8 204%1 (Camboya)

% -21% - Mohammed, I.N., Bolten, J.D., Srinivasan, R., Lakshmi, V., 2018. Satellite observations and modeling to

- lSB6 . understand the Lower Mekong River Basin streamflow variability. J. Hydrol. 564, 559- 573,

https://doi.org/10.1016/j.jhydrol.2018.07.030
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Andlisis de Disturbios en los Flujos Altos

o SB#1 cChiang Sean SB#2 Luang | o
N (Tailandia) Prabang N
> —— Current Status (LOOS) >
1] — ©
oo ]
s L T O .. ! o § A — ||||||I|| o
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Mohammed, I.N., Bolten, J.D., Srinivasan, R., Lakshmi, V., 2018. Satellite observations and modeling to understand the Lower Mekong River Basin sfreamflow variability. J. Hydrol. 564, 559-
573, https://doi.org/10.1016/j.jnydrol.2018.07.030
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NASAaccess — Herramienta para Descargar y Reformatear
Productos de Datos de Observacion de la Tierra de la NASA

G I. D AS p o ch e n 'I'I'O i d G P M p o I yc e n ‘l'ro i d UNDER DEVELOPMENT: GPM and GLDAS Poly Centroid functionality will be available soon
Genera archivos de enfradadela | Genera archivos de entrada Ao R
temperatura del aire asi fambien A TUicE Gol el BT core owermekong I © Uoioac Now Wateshed
como archivos de estaciones de : : Select DEM
femperatura del aire de larthlvoijde res;rjcu?ne(sj R— SR o e
productos de teledeteccion pluviaies ae productos de Seloct Date Range
modelados por NASA GLDAS. feledeteccion NASA GPM. stz . e
select Functions
Function Description

GLDASpolycentroid Create daily air temperature time-series files at the centroid of each polygon within the
selected boundary. Generated from NASA GLDAS remote sensing products.

GLDASwat Create SWAT- ible daily air P ire daily ti ies files evenly distri (ona
grid) over the selected boundary. Generated from NASA GLDAS remote sensing products.

GPMpolycentroid Create daily rainfall time-series files at the centroid of each polygon within the selected
boundary. Generated from NASA GPM remote sensing products.

GLDASwa GPMswat
d%?gﬁ:ge?gm‘éoé gr% eSr\}\Bdegsi Generar archivos de enfrada .
T arbian como arehives de de lluvias para SWAT asi http://tethys-servir.adpc.net/apps/nasaaccess?/

estaciones de temperatura fambieén como archivos de

aérea de productos de estaciones pluviales de
teledeteccion modelados por | Producios de feledeteccion
NASA GLDAS. NASA GPM.

Mohammed, I.N., Bolten, J., Srinivasan, R., Lakshmi, V., 2018. Improved hydrological decision support system for the Lower Mekong River Basin using satellite-based earth observations.
Remote Sens. 10, 885, hitps://doi.org/10.3390/rs10060885
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http://tethys-servir.adpc.net/apps/nasaaccess2/

NASAaccess Ha Sido Lanzado Oficialmente por la NASA en Su

Terminal Github
hitps://github.com/nasa/NASAaccess

E'I Join GitHub today Dismiss

GitHub is home to over 31 million developers working together to host
and review code, manage projects, and build software together.

NASAaccess is R package that can generate gridded ascii tables of climate (CIMP5) and weather data (GPM, TRMM, GLDAS) needed
to drive various hydrological models (e.g., SWAT, VIC, RHESSys, ..etc)

P 5 commits ¥ 1 branch © O releases 22 1 contributor afs View license
Branch: master v New pull request Find File Clone or download ~
4F imohamme removing devtools from installation requirements Latest commit dedabee a day ago
BmR init 3 days ago
B man removing devtools from installation requirements a day ago
[E .DS_Store init 3 days ago
= .Rbuildignore init 3 days ago
[E .gitignore init 3 days ago
[E) DESCRIPTION Adding NASA open source agreement license a day ago
[E) LICENSE Adding NASA open source agreement license a day ago
[E) NAMESPACE init 3 days ago
)Y MACAA~AnAcn Darai ramavine davtanle fram inatallatiam ramiivamanta A Ao ama
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https://github.com/nasa/NASAaccess

Examinando Escenarios de Reservorios

« Baseline (December 2016) — este es el mismo que el
escenario de desarrolo de base de Regan et al

« Current (October 2018) - el escenario bdsico mas el .
reservorio actualmente encomendado Sesan |l 'y el resorvorio
completado Nam Kong 2 en Laos

- Under contract/construction —incluye los escenarios
anteriores mas las represas que estan en la etapa de
construccion. Esto incluye Alto Kontum, Nam Kong 3, Xe o 25 O
Nam Noy 2 - Xe Katam 1 oo

-+ Contracted/licensed - esto incluye las represas en los
escenarios anteriores y las represas autorizadas por la MRC:
Xe Katam; Xekong 4; Nam Kong 1 y Xe Kaman 4

« Lower Sekong — Bajo contrato/construccion mas bajo Sekong
« Lower Srepok 3 — Bajo contrato/construccidon mas Lower

Srepok 3
- Camboya Sesan and Srepok - Una alternativa al bajo
Sekong. Bajo construccion mas Lower Srepok 3, lower Sesan 3 y

y lower Srepok 2

.-. . NASA’s Applied Remote Sensing Training Program




Evaluacion de Danos por Inundaciones en Tiempo Caso Real
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De Datos a Decisiones
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ImpactAssessment

Impacted I
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4

Affected
Infrastructure

This study

Open Source
Routing
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Fayne, J. V., J. D. Bolten, C. S. Doyle, et al. 2017. "Flood mapping in the lower Mekong River Basin
using daily MODIS observations." International Journal of Remote Sensing, 38 (6): 1737-1757
[10.1080/01431161.2017.1285503]

Ahamed, A. y J. Bolten. 2017. "A MODIS-based automated flood monitoring system for southeast
asia." International Journal of Applied Earth Observation and Geoinformation, 61: 104-117
[10.1016/].jag.2017.05.004]

Ahamed, A., J. D. Bolten, C. Doyle y J. Fayne. 2016. "Near Real-Time Flood Monitoring and
Impact Systems." Remote Sensing of Hydrological Extremes, 105-118 [10.1007/978-3-319-43744-6]
Fayne, J., J. Bolten, V. Lakshmiy A. Ahamed. 2016. "Optical and Physical Methods for Mapping
Flooding with Satellite Imagery."Remote Sensing of Hydrological Extremes, 83-103 [10.1007/978-3-
319-43744-6_5]
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Resumen de Validacion

Exactitud general : 87%

Pixeles analizados: > 7 millones
Variabilidad de Exactitud: 79% - 98%
Condiciones: Inundado, No-inundado

« Sensores: (1) Envisat ASAR, (2)
Radarsat - 2, (3) TerraSAR-X, (4)
Disaster Monitoring Constellation
(DMC)

Ahamed, A. y J. Bolten. 2017. "A MODIS-based automated flood monitoring system for southeast asia." International Journal of Applied Earth Observation and Geoinformation, 61: 104-117
[10.1016/].jag.2017.05.004]
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Mapeo de Inundaciones en Tiempo Casi Real

SIAMN . Floodimpact* Mapas de Inundaciones
% : Operativos en Tiempo
I B Casi Real basados en
15 anomalias relativas en el
30 NDVI de datos MODIS de
L s 250 m
Partes Interesadas:
Mekong River
os : s0000 Commission
07 S A /k\\’\ A - 40000 g
= oF / i X0 - 30,000 5 R TR
2 oa ‘VU\Q\ L 20,000 % Landsat 7 (RGB 742) ISERV (true color)
g:z AN NS 7 | H November 1, 2013 November 1, 2013 (
— . I

0% 0 (P2 o 56 gt oD o 9%, 3 e 20 o oot ot o o
R ,\ﬁf‘&,‘%}:}ﬁ:@ ey \.‘3'*};‘39\“ AR A2 'C’k%’k@ PR A x‘ﬂ"x\i\' e
Day of Year

——Mean NDVI(2001-2014) ——Daily Mean Discharge (1985-2008) ——Daily Discharge (2006)

Doyle, C., J. Boten, J. Spruce, “Flood Inundation Mapping in the Lower Mekong River Basin Using Multi-Temporal MODIS Observations,” IEEE J. Sel. Topics Appl. Earth Observ.in Remote
Sens. (inreview)
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Mapeo de Inundaciones en Tiempo Casi Real

% NDVI
Decrease

Mapas de Inundaciones
Operativos en Tiempo
Casi Real basados en
anomalias relativas en el
NDVI de datos MODIS de
250 m

— <0

Partes Interesadas:
Mekong River

Commission
Referencia General PP Y N b 'S
andsal rue color, % Decrease NDVI
sy Nov20Is o TSRS N

O % H P
- Permanent Water

(n =200)

Landsat 7 1-Nov 2013
ETM+ (n = 300) 94.00% 0.88

| ——Dlean NDWVL(2001-2014 ) = aly Mean Lhscharge (1983-2008) =D aily |1scharge (2006) |

Doyle, C., J. Boten, J. Spruce, “Flood Inundation Mapping in the Lower Mekong River Basin Using Multi-Temporal MODIS Observations,” IEEE J. Sel. Topics Appl. Earth Observ.in Remote
Sens. (inreview)
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Marco de Danos

Estimacion de la Profundidad de las
Inundaciones
« Aplicar método de Cham et al. (2015)*

e Extraer la extension de las
iInundaciones de una herramienta
para la deteccidn

« Generar puntos alrededor del perimetro
— Muestrear valores de elevaciones del DEM

* Produce Triangulated irregular Network
(TIN) para visualizar elevacion de la
superficie del agua

Superficie TIN

Oddo, P., A. Ahamed, and J. Bolten. 2018. "Socioeconomic Impact Evaluation for Near

Profundidod Real-Time Flood Detection in the Lower Mekong River Basin." Hydrology, 5 (2): 23
- [10.3390/hydrology5020023]
v de Inundacion * Cham, T. C., Mitani, Y., Fujii, K. & Ikemi, H. Evaluation of flood volume and inundation

depth by GIS midstream of Chao Phraya River Basin, Tailandia. in WIT Transactions on The
Built Environment (ed. Brebbia, C. A.) 1, 1049-1060 (WIT Press, 2015).
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Marco de Danos

Estimacion de la Profundidad de las
Inundaciones
« Aplicar método de Cham et al. (2015)*

e Extraer la extension de las
iInundaciones de una herramienta
para la deteccidn

« Generar puntos alrededor del perimetro
— Muestrear valores de elevaciones del DEM

* Produce Triangulated irregular Network
(TIN) para visualizar elevacion de la
superficie del agua

Superficie TIN

Oddo, P., A. Ahamed, and J. Bolten. 2018. "Socioeconomic Impact Evaluation for Near

Profundidod Real-Time Flood Detection in the Lower Mekong River Basin." Hydrology, 5 (2): 23
- [10.3390/hydrology5020023]
v de Inundacion * Cham, T. C., Mitani, Y., Fujii, K. & Ikemi, H. Evaluation of flood volume and inundation

depth by GIS midstream of Chao Phraya River Basin, Tailandia. in WIT Transactions on The
Built Environment (ed. Brebbia, C. A.) 1, 1049-1060 (WIT Press, 2015).

NASA’s Applied Remote Sensing Training Program 31 .



Marco de Danos

Estimacion de la Profundidad de las

Inundaciones

« Utiliza el DEM Multi-Error-Removed
Improved-Terrain (MERIT)®

 Unincremento del ~20% de la

« extension de fierra mapeada con una
ol M exactitud vertical de dos metros o mejor

6. Yamazaki, D., lkeshima, D., Tawatari, R., Yamaguchi, T., O’Loughlin, F., Neal, J. C., ...
104° 105" 106° 107" Bates, P. D. (2017). A high-accuracy map of global terrain elevations. Geophysical

L U mss—— o — - .
B I — Research Letters, 44(11), 2017GL072874. https://doi.org/10.1002/2017GL072874
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Ubicaciony Objetivos

100°(l)'0"E 110°(l)'0"E

20°0'0"N
20°0'0"N

10°0'0"N
10°0'0"N

Elevation [m]

Depth [m]
0 :_ 70 Data Source:
MERIT DEM

ENVISAT-ASAR-WSM

Figure 1. (A) Map of Mekong River Basin countries with flood extent from 2011 event. (B) Study extent
showing results of the triangular interpolated network (TIN). (C) Depth raster produced by inundation
depth analysis.

NASA's Applied Remote Sensing Training Program

Inundaciones en Asia Sudoriental en 2011

« Fendmeno de La Nina — hubo un
incremento del 143% de lluvia

e Inicio del monzdn sudoccidental

Objetivos

« Utilizar este evento de inundacion de
2011 como estudio de caso para
demostrar factibilidad

 Infegrar el marco al plataforma en
tiempo casireal de Project Mekong

Oddo, P., A. Ahamed y J. Bolten. 2018. "Socioeconomic Impact Evaluation for Near Real-

Time Flood Detection in the Lower Mekong River

Basin." Hydrology, 5 (2): 23 [10.3390/hydrology5020023]



Cobertura Terrestre/Uso del Suelo (Land Cover / Land Use)

LA + - - 2 A Lo

Lower Mekong Basin Land Cover N

[ Rice Rotated w/ Annual Crop [l Urban I Coniferous Forest A 3
" [_] Annual Crop [IBare Land I Vangrove P

[ shifting Cultivation B ndustrial Plantation [l Marsh/Swamp 0 125 250 500 A

- Orchard - Deciduous Forest :] Aquaculture .

- Flooded Forest B Evergreen Forest [l Aquaculture Rotated w/ Rice ometeh p
‘\ - Grassland [: Forest Plantation - Permanent Water Data Source: '
j [] shrubland "] Bamboo Forest Mekong River Ct;mmission l
(N ) Sy o . 77 -3

NASA’s Applied Remote Sensing Training Program

Cobertura Terrestre Actualizada
* Producida por MRC (2010)
» Derivada de Landsat-5, resolucion 30 m

e 19 clasificaciones de cobertura
terrestre Unicas

« 9.357 puntos de investigacion
recopilados para validar

Figure 3. (A) Land use/land cover (LULC) map produced by Mekong River Commission (MRC, 2010).
(B) Inset showing study extent and LULC details considered in this analysis. (C) Close view of the

Tonle Sap Lake region, Cambodia.
34 .



Poblacion / Infraestructura

POPULATION DENSITY

ROAD NETWORK BUILDING FOOTPRINTS

Datos Socioecondmicos

 NASA Socioeconomic Data and
Applications Center (SEDAC)
— Gridded population density (GPW)
— Global gridded roads (QROADS)

Datos de Fuente Abierta

« Ubicacion (centroides) y huella de
edificios:
— OpenStreetMaps

Population Density
(Residents / Sq. Km)

Bo- 10 I 200 - 300 [ 500 - 1,000
I 10- 100 [ 300 - 400 [l 1,000 - 5,000
I 100 -200 M 400 -500 [ 5,000 - 9,500

=== Primary Highway [ ] Building Footprints
- Secondary Roadway ° - .
Residential / Other Buliding Centrids

Figure 4. Population density (lett), regional road networks (center), and building centroid and footprint
data (right, below) considered in this study.

Oddo, P., A. Ahamed vy J. Bolten. 2018. "Socioeconomic Impact Evaluation for Near Real-Time Flood Detection in the Lower Mekong River
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Calcular Danos

Land Use Category
Rice - 1 crop/yr
Mixed Annual Crops
Cleared before 2010
Orchard
Flooded Forest
6 Grassland/Sparse Vegetation
Deciduous Shrubland
Urban
9 Barren - Rock Outcrops

B W N -
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TS

Modelo de Danos

T 4 -4 " AN -
Metodo Estandar Valores Maximos de Danos (S))
n Uso del suelo USD/m? Fuente
Agricultura
S = alnlSl Arroz, totalmente destruido 0.078
Cultivo, totalmente destruido 0.109
=1 Oftras Plantas, totalmente destruidas 0.147 Leenders et al. (2009)
dOﬂde Arroz, parcialmente destruido 0.027
- , Cultivo, parcialmente destruido 0.030
* O = factor de danos COTegO”O | Ofras Plantas, parcicimente destruidas 0.030
* N.= numero de unidades en la Pesca =
' , Piscinas de piscicultura y
categoria | arrozales . 0-637 | cenders et al. (2009)
Camarones y otros mariscos 1.706
* §; = dano maximo por unidad en |a Pescados de agua dulce 0048
co’regon’o | Infraestructura
Area urbana 29
Area rural 22
Kok, M., Huizinga, H. J., Vrouwenfelder, A. & Barendregt, A. Standard method 2004. Damage Camino provincial 80
and casualties caused by flooding. (Rijkswaterstaat, 2004). Camino nacional 400 Giang et al. (2009)
Oddo, P.C., Ahamed, A., & Bolten, J. D. (2018). Socioeconomic Impact Evaluation for Near Ferrocar 1000
Real-Time Flood Detection in the Lower Mekong River Basin. Hydrology, 5(2), 23. AIroz 0.044
https://doi.org/10.3390/hydrology5020023 Ofros cultivos 0.02

Bosque 0.84
.-. . NASA’s Applied Remote Sensing Training Program 37 .



Curvas Profundidad-Danos (Depth-Damage)

Factor de Dano (q;): General Factor de Daio (a,): Especifico Para el Aoz

L I :

................................................................. 0.8 P PSS S [ PR f SRS DRI 1 DRI S SRS SR
S S
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- B Other Crops ! 5 : : : 5 . 0 Floating j
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Inundation depth (m) Inundation depth (m)

Figure 5. Damage factor curves for agriculture, forest, and infrastructure classes (upper) and rice

varieties (lower) found in the Lower Mekong Basins (LMB). Curves digitized and adapted from Chen

(2007) [49].
Oddo, P.C., Ahamed, A., & Bolten, J. D. (2018). Socioeconomic Impact Evaluation for Near Real-Time Flood Detection in the Lower Mekong River Basin. Hydrology, 5(2). 23.
https://doi.org/10.3390/hydrology5020023
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Visualizando Impactos

13,355.05 645,235,056
1502.03 126,696,853
38.02 3,073,550
Hueto  [EEORE 6,572,509
3542.54 2,669,181,644
Pastizal _ [RLERPS! 44,535,518
[EEC I 139863 34,103,750
Ubano [T 710,538,630
68.65 0
1.42 24,408
8.43 2,905,977
228 1,530,465
- :
11.35 8,798,317
: -
Manglar | 1.71 842,254
48285 12,703,670
8.32 211,169
26.39 27,770
22,993 4,486,981,740

Oddo, P.C., Ahamed, A., & Bolten, J. D. (2018). Socioeconomic Impact Evaluation for Near Real-Time Flood Detection in the Lower Mekong River Basin. Hydrology, 5(2). 23.
https://doi.org/10.3390/hydrology5020023
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Visualizando Impactos

Land Cover Damages
13,355.05 645,235,056 (USD /)
150203 126,696,853 & -
38.02 3.073,550 |
[Hoeto | 332.35 6,572,509
3542.54 2,889,181,644
Pastizal 00| 1938.22 44,535,518
 Matorral 1398.63 34,103,750
[Ubano | 275.17 710,538,630
68.65 0
1.42 24,608
8.43 2905977
228 1,530.465
: :
1.35 8798317
: :
 Manglar 171 842,254
482.85 12,703,670
.32 211,169 N,
2639 27,770
22,993 4,486,981,740 Figure 6. Results of damage assessment for land cover categories. Color gradient rePnents severity of

damages in USD/m?.

Oddo, P. C., Ahamed, A., & Bolten, J. D. (2018). Socioeconomic Impact Evaluation for Near Real-Time Flood Detection in the Lower Mekong River Basin. Hydrology, 5(2), 23.
https://doi.org/10.3390/hydrology5020023
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Limitacion del Sistema Actual > Trabajo en el Futuro

Datos Actualizados

» Sets de datos
socioecondmicos

 Valuaciones localmente

especificas
* Informacion

geoespacial mejorada

Retroalimentacion
« 5Qué informacidon es
utile

« 5COmMo se utilizaria2?

h NASA’s Applied Remote Sensing Training Program

Tangibles

Intangibles

Directos

Danos a infraestructura
« Caminos globales
* Infraestr. energética
» Escuelas y hospitales
« Huellas de edificios
Impactos a poblaciones

Pérdidas de vida humana
Efectos sobre |la
biodiversidad

Pérdidas de servicios
ecosistemicos (ej.,
vegetacion riberenaq)
Sufrimiento psicologico

Indirectos

Produccion agricola

Pérdidas de ingresos de
Industrias/furismo

Costos de evacuaciones
de emergencia
Interrupcidon de la
educacion

Impactos al lugary la
cultura
Resiliencia Comunitaria




Taller Regional sobre el Servicio de Monitoreo de Inundaciones ﬂ

en Tiempo Casi Real
Bangkok, Tailandia (24 y 25 de enero de 2018)

h NASA's Applied Remote Sensing Training Program




Evaluacion de Danos en Laos

Missions | Galleries - NASATV | Follow NASA | Downloads | About | NASA Audiences

Latest Related Scientists Deploy Damage Assessment Tool in Laos
Relief Efforts

The July 23 failure of the Xepian-Xe Nam Noy hydropower dam unleashed more than 130 billion gallons of water on rural villages in southem Laos, in
Southeast Asia, devastating thousands of houses and businesses and displacing more than 6,000 people. As authorities scrambled to gather information in the
wake of the disaster, scientists at NASA's Goddard Space Flight Center in Greenbelt, Maryland, activated a new tool to help them assess the damage and get
help to people in need.

2015-2016 El Nifo Triggered Disease
Outbreaks Across Globe
5 days ago

On its 5th Anniversary, GPM Still Right as Rain

6 days ago

Help NASA Track and Predict Mosquito-Borne
Disease Outbreaks
8 months ago

NASA Soil Moisture Data Advances Global
Crop Forecasts
9 months ago

NASA Mapping Hurricane Damage to
Everglades, Puerto Rico Forests
ayear ago

NASA Visualizes the Dance of a Melting
Snowflake
a year ago

Show only Right

Show only Left
The Sentinel-1 satellite from the European Space Agency (ESA) Ci icus program the area ing the Xepian-Xe Nam Noy dam in Laos before (left) and after (right) the dam'’s July 23.
2018, failure. The left image is from July 17. In the right image, from July 25, the reservoir behind the dam has been significantly reduced in size. and the river downstream of the dam (to the left of the

reservoir) is more apparent, with brown hues indicating potential flooding.
Credits: NASA Disasters/Marshall Space Flight Center/Alaska Satellite Facility; ins modified C i inel data (2018) p by ESA
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Sistema de Evaluacidon de Danos de Inundaciones Activado pa
la Rotura de Una Presa en Laos el 25 de Julio

Hae. L W Nbage

[ = e
[] Rice Rotated w/ Annual Crop [JJilj Urban

I Coniferous Forest

SV o W e
7 ¢ - o I ¥

[] Annual Crop [ Bare Land I Mangrove

[ shifting Cultivation I ndustrial Plantation [l Marsh/Swamp

I Orchard I Decciduous Forest [ | Aquaculture

- Flooded Forest - Evergreen Forest - Aquaculture Rotated w/ Rice
[ Grassland [ Forest Plantation |l Permanent Water

:l Shrubland D Bamboo Forest

Investigador Principal: John Bolten (NASA GSFC)

Segun las cifras

>3.740 personas
Impactadas

1,349 edificios

373 km de caminos
afectados

US$54 millones de danos
posibles a la
infraestructura y
cobertura terrestre

Cientificos del Proyecto: Perry Oddo (NASA GSFC), Aakash Ahamed (Stanford U.)

Contribuidores: NASA SERVIR, NASA MSFC, SIG, ADPC

NASA’s Applied Remote Sensing Training Program

Inundated Land Cover (hectares)

Evergreen/ Marsh/Swamp
Broadleaved 32.40
3.24
Rice: single-
cropped
3,718.71

General
Agriculture
3.24

Grassland/
Sparse
Vegetation
568.62

Deciduous
Shrubland
174.96

Industrial
Plantation
48.60

65.61



Sistema de Evaluacidon de Danos de Inundaciones Activado pa

 Se utilizaron datos de Sentinel 1 y ALOS 2 para
derivar el mapa de inundaciones para las areas
afectadas en Laos (fuentes: NASA SERVIR, NASA
MSFC, SIG, U. de Houston, ADPC)

« Se estimo la profundidad de las inundaciones
utilizando el Triangular Intferpolated Network
exfraido de elevaciones del MERIT DEM

« Datos socioecondmicos de OpenStreetMap y
o L e * WorldPop ayudaron a estimar el impacto de las
] i Rtated wArnua Crop I Utan B cnierous Fores inundaciones en basa a las estimaciones de la

["] Annual Crop []Bare Land I Mangrove .

[ shifting Cultivation I ndustrial Plantation [l Marsh/Swamp p f d d d

I Orchard I Deciduous Forest [ | Aquaculture ro U n I O

I Flooded Forest I Evergreen Forest [l Aquaculture Rotated w/ Rice . R -

[ Grosias [ ForostPariaton I Permanent Water  Las estimaciones de danos se calcularon
[ shrubland [""] Bamboo Forest

utilizando la profundidad de las inundaciones y el
“metodo estandar’” neerlandes
Investigador Principal: John Bolten (NASA GSFC)

Cientificos del Proyecto: Perry Oddo (NASA GSFC), Aakash Ahamed (Stanford U.)
Contribuidores: NASA SERVIR, NASA MSFC, SIG, ADPC
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Sistema de Evaluacidon de Danos de Inundaciones Activado pa

% Ubicacidén de
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Contribuidores: NASA SERVIR, NASA MSFC, SIG, ADPC [ shrubland [ Bamboo Forest
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Valor de las Observaciones de la Tierra en Tiempo Casi

VALUE IN HEALTH 17 {

Time Is Money, But How Much? The Monetary Value of
Response Time for Thai Ambulance Emergency Services

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier.com/locate/jval

@ CrossMark

Henrik Jaldell, PhD"*, Prachaksvich Lebnak, MD?, Anurak Amornpetchsathaporn, MD?

Department of Economics, Karlstad University, Karlstad, Sweden; 2Emergency Medical Institute Thailand, Bangkok, Thailand

ABSTRACT

Objective: To calculate the monetary value of the time factor per
minute and per year for emergency services. Methods: The monetary
values for ambulance emergency services were calculated for two
different time factors, response time, which is the time from when a
call is received by the emergency medical service call-taking center
until the response team arrives at the emergency scene, and opera-
tional time, which includes the time to the hospital. The study was
performed in two steps. First, marginal effects of reduced fatalities
and injuries for a 1-minute change in the time factors were calculated.
Second, the marginal effects and the monetary values were put
together to find a value per minute. Results: The values were found
to be 5.5 million Thai bath/min for fatality and 326,000 baht/min for

severe injury. The total monetary value for a 1-minute improvement
for each dispatch, summarized over 1 year, was 1.6 billion Thai baht
using response time. Conclusions: The calculated values could be
used in a cost-benefit analysis of an investment reducing the response
time. The results from similar studies could for example be compared
to the cost of moving an ambulance station or investing in a new
alarm system.

Keywords: cost-benefit, emergency medical service, medicine,
response time.

Copyright © 2014, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.

NASA’s Applied Remote Sensing Training Program

Real

47




Valor de las Observaciones de la Tierra en Tiempo Casi Real

Available online at www.sciencedirect.com m

ScienceDirect

24 -
b - (£ 05

ELSEVIER journal homepage: www.elsevier.com/locate/jval \;,
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Response Time for Thai Ambulance Emergency Services

Henrik Jaldell, PhD"*, Prachaksvich Lebnak, MD?, Anurak Amornpetchsathaporn, MD?

'Department of Economics, Karlstad University, Karlstad, Sweden; “Emergency Medical Institute Thailand, Bangkok, Thailand

ABSTRACT

Objective: To calculate the monetary value of the time factor per severe injury. The total monetary value for a 1-minute improvement

minute and per year for emergency services. Methods: The monetary for each dispatch, summarized over 1 year, was 1.6 billion Thai baht

values for ambulance emergency services were calculated for two using response time. Conclusions: The calculated values could be

different time factors, response time, which is the time from when a used in a cost-benefit analysis of an investment reducing the response

call is received by the emergency medical serv

until the response team arrives at the emerger El valor monetario total de una mejora de un minuto

tional time, which includes the time to the ho!

performed in two steps. First, marginal effects narg cada despacho, a lo largo de un ano, fue de 1,6 millones

and injuries for a 1-minute change in the time fa K . .

Second, the marginal effects and the monet - de baht tailandeses utilizando el tiempo de respuesta.
together to find a value per minute. Results: TL L , )

to be 5.5 million Thai bath/min for fatality and 326,000 baht/min for Outcomes Research (ISPOR). Published by Elsevier Inc.
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Fuentes de Datos

Elevacion: MERIT DEM (20 m)

Extension de Inundaciones:

— Estudio de caso de 2011: ENVISAT-ASAR Wide Swath Mode (ESA)

— NRT (implementacion futura): Utilizara la salida de la deteccion de inundaciones
de Project Mekong (derivado de NASA LANCE MODIS)

Cobertura Terrestre: Mekong River Commission
— En base a Landsat, resolucion de 30 m, remuestreado a 90 m

Infraestructura
— Huella de edificios: OpenStreetMaps (a fravés de la interfaz Mapzen)
— Caminos: Global Roads Open Access Data Set (QROADS), vl (NASA SEDAC)

Poblacidn:
— Gridded Population of the World (GPW), v4 (NASA SEDAC)
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From 11th to 18th March 2019, water levels along the lower Mekong
River from Thailand’s Chiang Saen to Lao PDR’s Luang Prabang were
fluctuated above their long-term averages (LTAs) the same trend as
last week, although no rainfall in these areas. The trend from 19th to
25th March 2019 will be gradually slightly increasing and still keep
stays above their LTAs. For downstream reaches from Lao PDR’s

' Vientiane to Cambodia’s Kompong Cham, the trends will be the same
| as upstream part. The lower reaches from Cambodia’s Phnom Penh at
Chaktomuk, koh Khel, Neak Luong to Viet Nam’s Tan Chau on the
Mekong River and Chau Doc on the Bassac River will be slightly

increasing and stay above their LTAs due to the abnormal rainfall in
March 2019 in the floodplain area.

MRC
FAMILY
TREE

2019

Forecasted water level for 22 stations (updated every Monday) more »
Key suggestlons to manage risks for Pak La

Read the full story (182 NQ 4|

Observed water level compared to long term average for 13 stations

ém. (updated every Monday) more »
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