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Partnership between USAID and NASA

Establishes long-term regional hubs to get geo-spatial
information and tools to decision makers

challenges

Focuses on climate change and implications on land use,
agriculture, biodiversity, disasters, forests, health, water
and weather

q Identifies, addresses and resolves data and information
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Anticipated Results

Improved capacity of institutions to use earth observation
information and geospatial information technologies

Increased awareness by stakeholders of geospatial data, tools,
knowledge products, and services

Increased provision of user-tailored geospatial data, products, and
tools to inform decision making

ADPC strengthened as a regional provider of geospatial data analyses,
and capacity building services
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Product Description of RDCYIS

 The Regional Drought and Crop Yield Information System (RDCYIS) integrates drought
monitoring and forecasting information as well as crop yield information that would
allow decision makers in planning and preparedness during drought situations

 The system aims to help decision makers better prepare and respond towards
droughts as well as helping the planning agencies and agricultural extension workers
to disseminate drought related information to the farming communities creating
awareness. As well as helping farming communities in considering various economic
incentives, affordable coping strategies, and agricultural interventions coupled with
social support services for the lower Mekong countries.

* Need assessments have been carried out based on country level consultations to
identify end user needs. Consultations involved relevant government agencies and
academic institutions
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RDIS GENERAL FRAMEWORK

2 )
_ Earth Observation Inputs
MODIS | SMAP | GRACE] ... | £ | Met

Data Preprocessing

Met. Data Inputs
GPM/TRMM | NCEP | NMME | ..

ViC 0/l
Met | SM | ET a

| RHEASModel

DSSAT DAY
Met | SM (A) | SOILS (1) FORECASTING

| Decision Making

- Outputs:
Public Access __ Indices Maps

.. : e <. Crop Yield Maps
m < [ Research Weh-_B.q_;ed User Graphs, etc.
Interface
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RHEAS

RHEAS (Regional Hydrologic Extremes Assessment System)
- A hydrologic now-cast and forecast framework
- Developed by NASA Jet Propulsion Laboratory

1

1

| Database
1

| PostGIS 4D Data Cube
|
1
1

(Spatially enabled PostgresSQL) Approach
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Precip
Meteorology
IRI/NMME

Drought
Model VIC All VIC outputs Drg::ﬁht vIC All VIC outputs Suﬁ
Parameters (AS with SM) (BF, RO, SM, E, EB (ESP/IRI/NMME) (BF, RO, 5M, E, EB
etc.) WB 10 Ensembles etc.) WB
Remote Sensing

forAS Temporary

In-situ

Custom DB

PostGIS

vic Assimilation and Ensembles are ON
Calibration

AS: Assimilation, SM: Soil moisture; BF: Base Flow; RO: Runoff; E: Evaporation; EB: Energy Balance; WB: Water Balance; ESP: Ensemble
Streamflow Prediction;

-
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Variable

Precipitation
Precipitation
Precipitation
Precipitation
Precipitation
Temp/Wind

Temp/Wind

Soil moisture
Soil moisture
Soil moisture

Evapotranspiration

Water storage
Snow cover
Snow cover
Leaf Area Index
Meteorology
Meteorology

SEI

Dataset

CHIRPS
TRMM
RFE2
CMORPH
GPM
NCEP
PRISM
AMSR-E
SMOS
SMAP
MOD16
GRACE
MOD10
MODSCAG
MCD15
IRI
NMME
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Tim. Cov.

1981-
1998-
2001-
1998-
2014-
1981-
1981-
2002-2011
2009-
2015-
2000-
2002-
2001-
2001-
2002-
2000-
2000-

Temp. Res

Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily
Daily

8 days
Monthly
Daily
Daily

8 days
Monthly
Daily

\'\

Spat. Res

5km
0.250
0.100
0.250
0.10o0
1.8750
4km
0.250
~40km
3/9km
1km
1.00
1km
1km
1km
250
0.50

Spoholinformohcs Group

Spatial Coverage

Global
Global
Africa
Global
Global
Global
CONUS
Global
Global
Global
Global
Global
Global
Global
Global
Global
Global

Deltares

Enabling Delta Life 7

Table

precip.chirps
precip.trmm
precip.rfe2
precip.cmorph
precip.gpm
*.ncep

* prism
soilm.amsre
soilm.smos
soilm.smap
evap.modis
tws.grace
snow.mod10
snow.modscag
lai.modis

*iri

*.nmme



Variable

Precipitation
Temp/Wind

Soil moisture
Meteorology

SEI

Dataset Tim.Cov. Temp. Res Spat. Res
CHIRPS 1981- Daily 5km
NCEP 1981- Daily 1.8750
SMOS/SMAP  2009- Daily ~40km
NMME 2000- Daily 050
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Spatial Coverage

Global
Global
Global
Global
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Table

precip.chirps
*.ncep
soilm.smos
*.nmme

SERVIR % MEKONG



;USAID

i3
)
i!i FROM THE AMERICAN PEOPLE

Nowcast Approach: Assimilation

SERVIR & MEKONG

Assimilation is on SMOS
SMAP

* AMSRE

Sources for Observed SM

2012 2016

| |
Observed -SM
F_AN—? Remotely sensed
W\
| VIC-SM

WAY

e SNOW
Options for SM
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Nowcast/Forecast Approach: Ensemble Runs (10 runs)

>
s
S

Low chance of this

Future level flow or higher
—

Medium chance of
this level flow or
higher

Flow

High chance of this
level flow or higher

Time
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* Nowcast
- Continues run since 1981 in daily time scale

* ESP/Seasonal Forecast (iri/nmme)

- (Ensemble Streamflow Prediction approach that
resamples the climatology)

- (resample climatologies based on the probabilities in
IRI/NMME meteorological forcing)

- Forecast for 90 days with 10 ensembles
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Resolution of the output products is 25km

Drought:
SPI (1,3,6,12): Standardized Precipitation Index™
SRI(1,3,6,12): Standardized Runoff Index"
SMDI: Soil Moisture Deficit Index”
Dry Spells: Number of dry spell events with at least 2-week duration?
RZSM: Root Zone Soil Moisture”
Drought Severity”
Soil:
Soil temperature for each soil layer (3 layers: 0-10cm, 10-40cm and 40-100cm)
Soil total moisture content [mm] for each soil layer (3 layers: 0-10cm, 10-40cm
and 40-100cm)
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Resolution of the output products is 25km

Water Balance:
Baseflow
Runoff
Rainfall
Total net evaporation

Energy Balance:
Surface temperature
Net downward shortwave flux
Net downward longwave flux
Net upward latent heat flux
Net upward sensible heat flux
Net heat flux into ground
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- Extremely Dry - Extremely Dry
[ severely Dry [ severely Dry
[ ] Moderatety Dry [ ] Moderatety Dry
Near Normal Near Normal
[ ] Moderately wet [ ] Moderately wet
I seversy et I seversy et
B ctemelywet B ctemelywet

January 2017

Forecast

SPI SR
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I Extremely Dy
. - Severely Dry
- :’ Moderately Dry
o 80N |:| Near Normal
|:| Moderately Wet
- Severely Wet
- Extremely Wet

IVIETHAY

S: Short term dryness
L: Llong term dryness

Forecast situation in December 2016

-
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Forecast situation during Dec — Feb 2017
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REGIONAL DROUGHT AND CROP YIELD INFORMATION SYSTEM HOME MAP HOWTOUSE DOCUMENT  FEEDBACK

Drought Kogvnands | ¢ BhutanS)

i

= Legend =]
Area ——
Bangladesh
Close All Admin Layers v g i
¢ W SPI 1 month for 2017, November 5
Select Index India Kolkata B Extremely Wet
' | Very Wet
Dreci Inde 4 Moderately Wet
Near Normal

Maoderately Dry
Severely Dry

Select Variables

SPI 1 month v « Hydarabad . Extermely Dry
L]
: Bengal \_.J
engaluru » P { Q,'_\]l
, > Philip{ 5
Crop Yield s el _:
. 5 = -
nt L) ;’a" P,
Sri : o Q_
Jan 1981 Feb 1985 Mar 1989 May 1993 Jun 1997 Aug 2001 Sept 2005 Nov 2009 Dec 2013 Feb 2018 al* [ :_ \
] !
o } Lieaflet | Map data ® OpenStreethap contributors, CC BY-SA. Imaae Maobaox
https://rdcyis-servir.adpc.net
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Zoom iw Im 3m 6m

-0.6

-0.8

Average SPI1

-1.2

o
; f/\_ =
‘\-&'J Wednesday, Jan 31, 2018

@ SPI 1 month: -1.1632398685244

From

Jan 24,2018 To Feb 24,2018
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-1.4 . -
29. Jan 5. Feb 12. Feb 19. Feb
Date
-0~ SPI 1 month
Highcharts.com
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Bias correction of input data

Data assimilation [SM (SMOS, SMAP, AMSRE), LAI, ET, SNOW]
Ensemble runs [ex: 10/40 runs]

Calibration of VIC and DSSAT models

1.
2.
3.
4.
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Calibration with streamflow (most common observation) and/or soil moisture and/or ET.

v

streamflow Verification with in-situ

> streamflow data and
modify soil parameters

runoff Routing

Model (RVIC)

»
»

baseflow

Soil Parameters: most often adjusted during calibration of the VIC model include, b _infilt
(parameter used to describe the Variable Infiltration Curve), Ds (represents the fraction of
the Dsmax parameter at which non-linear base-flow occurs), Ws (fraction of maximum
soil moisture where non-linear baseflow occurs), Dsmax (maximum velocity of baseflow
for each grid cell) and soil depth.
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http://www.hydro.washington.edu/Lettenmaier/Models/VIC/Documentation/Info/b_infilt.shtml
http://www.hydro.washington.edu/Lettenmaier/Models/VIC/Documentation/Info/Ds.shtml
http://www.hydro.washington.edu/Lettenmaier/Models/VIC/Documentation/Info/Ws.shtml
http://www.hydro.washington.edu/Lettenmaier/Models/VIC/Documentation/Info/DsMAX.shtml
http://www.hydro.washington.edu/Lettenmaier/Models/VIC/Documentation/Info/depth.shtml
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"""" ssassassasassass ssssssssasassssasassasassssassss |nitiative of Faisal, Lee, et al, 2017
dco e GSOD (Global Summary of the Day) by NCDC
: (National Climatic Data Center) via WMO
oS0 e Soil data from the Harmonized Land database
tH (12.5km resolution)
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200 km

Impulse Response

Cell Impulse Response (UH file)

Time (Day)

12

Table 1: Calibrated model parameters of each sub-basin.

INFILT Ds_MAX
o Sub-basin Ds - Ws
@ Calibration Staions (bi) (mm/day)
@ Data Available
A Output Staions Chiang Sean 0.1 0.3[No change 1
= ::::::::r Luang Prabang 0.1 0.3|No change 1
I Luang Prabang —— Mekong River Vientiane 0.1 0.3|No change 1
[ vientiane [0 Network (New)
I Nakhon Phanom — e Nakhon Phanom 0.2 1 5 0.1
E:':::ongcham B Bestn Pakse 0.1 0.8[No change 1
[ o8 of Kampong Cham Kampong Cham 0.4 1 2 0.1
Kampong Down 0.4 1 2 0.1
Calibration (2003-2008) Validation (2009-2013)
16000 10000
- 14000 -
% = 12000 = 8000
[} E 10000 E s
vy o )
) @ 8000 &
s §o i
= a % & 2000
Q 2000
o 0
Jan-03 Jan-04 Jan-05 Jan-06 lan-07 Jan-08 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13
——Simulated ——Observed ——Simulated ——Observed
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Table 2: Performance metrics of the simulated discharge hefore (i.e., base) and after calibration.

Validation is over the independent period of 2009-2013.

SERVIR

Basin Category Mean Error| NRMSE Efficiency |Correlation
(ems) (%)

Base -1274 70.6 0.64 0.80

Chiang Sean |Calibration -152 35.5 0.80 0.90

Validation 171 42.5 0.57 0.87

Base -1270 63.1 0.69 0.84

Luang Prabang |Calibration 225 37.5 0.84 0.92

Validation 792 52.8 0.70 0.92

Base -1822 63.3 0.71 0.84

Vientiane Calibration -206 35.3 0.84 0.92

Validation 564 41.3 0.78 0.92

Base -1822 63.3 0.71 0.84

Nakhon Phanom |Calibration -2536 52.4 0.78 0.93

Validation -1454 36.3 0.88 0.95

Base -1822 63.3 0.71 0.84

Pakse Calibration -316 38.7 0.86 0.93

Validation 760 34.2 0.89 0.95

Base -1822 63.3 0.71 0.84

Kampong Cham |Calibration -2349 45.3 0.84 0.93

Validation -597 40.9 0.85 0.92

Note: Base (2003-2008) is the model efficiency before calibration;
Calibration period is from 2003 to 2008 and Validation period is from 2009 to 2013
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Clustering based on:
* Elevation

2 e Bulk Density

< % * % Clay (Top Clay)

;é?%g * % Sand (Top Sand)
_ S glelE e Landuse
g 8 °3 LAl
St g -.,..g HWSD
e
siifil see Ty

e s 8 To effectively use the subset of
23 éﬁg;g‘% calibrated VIC parameters, we need to
- : £ E%% identify optimal number of pedo-
gg: oS i transfer functions. The pedo-transfer
°® Z 08¢ I-..\; 5 : 2 &ﬁﬂé-:). . .
o T R f’.‘? functions are s-elected for this study
% e PR R s that generally influence the evolution
" $ o gasnesct : of calibrated VIC parameters related to
X : e above parameters.
%

-
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§33 :
3
$23328% e Yl g
%2 st ‘§
82 it T 2322 . . .
$38%:3 g .;% ‘_5% e Perform cluster analysis using the above mentioned
§ 3 £ m?% E%% pedo-transfer function to both Mekong River Basin
§ S e ﬁ; area and the whole study area (LMR) to identify the
8 U areas that are similar in geophysical characteristics.
3 Ef%% RHEAS executed in open-loop
: e, Comparison of soil moisture products between
55” RHEAS and SMAP/SMOS
|
# siiiiies 3% % Expected correlation is about 75%.
288 R i o ¢ Y222
i offbeset K E3sseaseess’ :
% Ssa3%e3° e, I O Procedure would be repeated (changing number of
it N i clusters) if the expected correlation gets less than
3 s i, S 75%.
K T ]
& ° 8¢
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RHEAS SMOs
Bias 3.19
RMSE 5.59
R (Correlation) 0.63
NSE (Nash—Sutcliffe model
efficiency coefficient) 0.40
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Jan-2015 Jan-2016 0.78

Feb-2015 Feb-2016 0.76 0.5
Mar-2015 Mar-2016 0.81 0.6
Apr-2015 0.79 0.5 Apr-2016 0.78 0.5
May-2015 0.79 0.5 May-2016 0.79 0.5
Jun-2015 0.75 0.4 Jun-2016 0.76 0.4
Jul-2015 0.74 0.4 Jul-2016 0.75 0.4
Aug-2015 0.74 0.4 Aug-2016 0.76 0.4
Sep-2015 0.76 0.5 Sep-2016 0.77 0.5
Oct-2015 0.79 0.5 Oct-2016 0.79 0.5
Nov-2015 0.78 0.5 Nov-2016 0.79 0.5
Dec-2015 0.80 0.6 Dec-2016 0.81 0.6

QF [ oot 85 _Deltares
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P

ENSO
Type Season JA JAS ASO SON OND NDJ DJF JFM FMA MAM AM) Ml
WE 2014 |- 2015 0.1 0.0 0.2 0.4 0.6 0.7 0.6 0.6 0.6 0.8 1.0 1.2
VSE 2015 |- 2016 1.5 1.8 2.1 2.4 2.5 2.6 2.5 2.2 1.7 1.0 0.5 0.0
=" 16 = T 67y 15 (33 3,
L /g Bl fan b el el
Moderately Wet { Moderately Wet - Moderately Wet
Ma ; 1 Near Normal ate % Mear Normal .t it Mear Normal
P / : Moderately D (hEn U oderatel r h oderate
Iade,sh' y i/ 4 Se\:'jerely l|§ry - = .—_h_r\ I ] { I:eferel;' grSW de_sh" 3 ._' s I:e\c['jerel;' grsry
{'r I:"-. ) 3 diks B Extermely Dry !del,sh B Extermely Dry -f_r Ml s '-. i ';z B Extermely Dry
& '
%a.g
'Z.-. E ;?5 )
e
Andatman pn""";;' Andaman 5 r'.'
et A5 Sea ";'J:'. !: L
Gull of 5 Guif of ".“
‘ ’Eiﬁ; 'L-EE.’
NDJ-2015/16 g, JFM-2016 . MAM-2016
SPI 3 months
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Average SPI 3 months Value (Regional) =
Zoom iw 1Im 3m 6m 1y All From Aug 1, 2015 To | Jul 31, 2016
2
E
o
<
£ 0
=
=]
£
™ -
&
]
& -2
9
<

1. Sep, 2015 1. Nov, 2015 . 1. Mar, 2016 "May, 2016 1.Jul, 2016
Date

-® SPI 3 months

Highcharts.com
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Average SMDI Value (Regional) -

Zoom lw 1m 3m 6m 1y All From | Aug 1, 2015 To 2016—08—01|

Average SMDI (Regional)
o

1. Sep, 2015 1. Nov, 2015 _Jams 1. Mar, 2016 May, 1.Jul, 2016

Highcharts.com

STOCKHOLM e Deltares
S E I ENVIRONMENT '1‘ L
INSTITUTE Spatial informatics Group rebing betta e ; 31



SEI

SERVIR&MEKONG

Susap & [adpe]

SERVIR & vexonc G‘D
TECHNICAL TRIIII'IHE on

Vietnam Academy of Water
Resources (VAWR)
19-23 June and 2-6 Oct 2017
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THONG TIN HO TR/ VAN HANH HO CHUA

Vietnam Academy of Water Resources

(VAWR):

-  Two pilot sites (Ninh Thuan and
Binh Dinh provinces) for initial
testing

Mekong River Commission (MRC):

- Providing all drought related e “'“9"““";;*;;%““ san LOWer Mekong Basin Drought
products generated by RHEAS P s, O A

- Technical support for developing

drought portal

=y kg Basn (LMB!

STOCKHOLM "‘ DEltafes MRC Drought Portal
ENVI RO NMENT 1 Enabling Delta Life
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http://hochua.com/index.php#popup_tab-22

Implement PostGIS database in Data Cube approach

Generate time series graphs for user AOlIs

Add more statistics

Include crop yield information for maize and rice crops
Increase output data resolution to 5km

Add customized and new indices/variables

Include climate projections data

Add Text bulletins

SERVIR & MEKONG

Deltares
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Thank Youll
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Connecting Space t
Lower M

e https://servir.adpc.net

SERVIR & MEKONG

Version 1.0
& 2018, SERVIR Mekong

Production Collaboration

Appllr::mun Purpose

 https://rdcyis-servir.adpc.net [ -

Q= NASAL ot Propalion Labarstary P

oo sToEROLY

f b E ENVIRORMENT  Sanekholm Enviressmsent Institute (SEI}

g

w} Mekong River Commisisn (MAC)

e o ol year mporat st

‘\) Vistnam Acadensy of Water Resoaroes (YAWR)
'Awn

Application Uses
The

For technical inguras:
Dutn and infermasion ralated: Saaniha Jayasingha {susanthaadpe.nei)
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