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Background —

 DMT collaborated with SERVIR Mekong in October 2015 to jointly develop a
drought early warning system for the Lower Mekong Basin

* NASA has built up a satellite data hub for both SERVIR and MRCS for nowcast
and forecast from 2016-2017

« DMT and SERVIR Mekong have developed their own drought early warning
system website but using the same data

* There were some errors in the scripts of RHEAS and therefore MRCS has
produced its own products by using the NASA data



Expected Outcomes of the training =

After the training, trainees will get built their capacity in:

e Basic GIS and fundamental understanding of Arc Toolbox for image
analysis

* Understanding the concept of drought indicator indices including SPI,
SRI, SDMI, CDI, and Dry Spells

 Ability to calculate the above drought indices and analyse drought
condition for monitoring and forecasting



. -MRC:

Drought Indices and Reference —

Main indicators for drought monitoring:

*Meteorological drought indices «»Agricultural drought indices
- Rainfall anomalies - Normalized Difference Vegetation
- Standardize Precipitation Index (SPI) Index
- Moisture Availability Index - Normalized Difference Water Index
- Dry Spells, Drought Condition, RD - Soil Moisture Anomalies

. _ o - Soil Moisture Deficit Index (SMDI)
*%* Hydrological drought indices - Temperature Anomalies
- Stream flow - Evapotranspiration deficit
- Water level

- Standardized Runoff Index (SRI)
- Groundwater level
- Reservoir storage



Drought Indices and Reference —

= Mleteorological drought is defined by the degree of dryness in terms
of an accumulate rainfall deficit.

* Hydrological drought refers to shortages in both surface and ground
water which normally presents as low flow condition.

= Agricultural drought expresses the precipitation shortfall primarily in

terms of its impact upon crop production through insufficient soil
moisture.



Drought Indices and Reference =

We are using the drought indices of the WMO Handbook of Drought Indicators
and Indices 2016:

e Standardized Precipitation Index (SPI1 daily)

* Standardized Runoff Index (SRI1 daily)

* Soil Moisture Deficit Index (SMDI daily)

 Combined Drought Index (CDI daily)

e Dry Spells (Number of days with CDI<-1.5)

* Drought Condition (accumulated dry day for more or less than 15 days)

* Number of No-rain Day (Number of days with rainfall less than 1 mm)



Drought Indices and Reference b

Forecast Model:
* esp
(Ensemble Streamflow Prediction approach that resamples the climatology)
- Forecast for 90 days

* iri/nmme (North-American Multi-Model Ensemble)
Resample climatology based on the probabilities in IRI/NMME
meteorological forcing)

- Forecast for 90 days
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Data Inputs:

Variable Dataset Tim.Cov. Temp. Res Spat. Res Spatial Coverage Table Mode
Precipitation CHIRPS 1981- Daily 5km Global precip.chirps IN
Temp/Wind NCEP 1981- Daily 1.8750 Global *.ncep IN
Soil moisture SMOS 2009- Daily ~40km Global soilm.smos AS
Meteorology NMME 2000- Daily 050 Global * nmme FC
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Model Calculati d Data Used MR
odel Calculation and Data Use —
NagLe
Data Structure and Processing:
= RDIS GENERAL FRAMEWORK
Earth Observation Inputs
LS | MODIS | QB ... ED | Met
- — Data Preprocessing
{ Met. Data Inputs
) GPM | TRMM | 0BS
SERVIR Mekong
drought website
Outputs in:
Rainfall
MRC drought early - Drought indicator Runoff
warning website maps & data Soil moisture 10

Drought indices




Model Calculation and Data Used o

Standardized Precipitation Index (SPI) and Standardized Runoff Index (SRI):

SPI & SRl are based on the probability of precipitation and runoff over any
duration of interest (days, weeks, months, etc.). SPI can provide early warning
that meteorological drought conditions are developing and aid in the assessment
of drought severity.

Data source: Daily rainfall and runoff from 1981 to 2018 calculated by VIC (Macro
scale hydrologic model) embedded within RHEAS model coming from NASA
satellite information. Resolution is 25km.

Model: RHEAS + post processing with ArcGIS application developed by MRCS
created with model builder.

Framework: Statistical analysis by fixing z score to zero using a gamma
probabilistic distribution. H



Model Calculation and Data Used

Accumulated Gamma

probabilistic
distribution

Fort Collins 3 month (JF M) precipitation (in.)

The National Drought Mitigation Center -

SPI

University of Nebraska-Lincoln

z score with normal
distribution

SPIl and SRI

SPI - SRI Cumulative probability
-3.0 0.0014
-2.5 0.0062
-2.0 0.0228
-1.5 0.0668
-1.0 0.1587
-0.5 0.3085
0.0 0.5000
0.5 0.6915
1.0 0.8413
1.5 0.9332
2.0 0.9772
2.5 0.9938
3.0 0.9986
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Model Calculation and Data Used

Gamma probabilistic distribution Daily gamma probabilistic
Alpha=2, Beta = 1 distribution for LMB
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Gamma probabilistic distribution
for daily runoff each month

af probability (gamma)
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Model Calculation and Data Used —
Soil Moisture Deficit Index (SMDI): Daily soil moisture deficit
Data source: Daily soil moisture layer one from 1981 to 2018 calculated by VIC
(Macro scale hydrologic model) embedded within RHEAS model coming from
NASA satellite information.
Model: RHEAS + post processing with ArcGIS application developed by MRCS
created with model builder. Resolution is 25km.
If SWi < MSWi
. SWi— MSWi e SW: Average daily moisture for a week period
SDi = MSWi — minSWi %100 e MSW: median of average daily moisture for a
SDi week period
And SMDIi = 0.5SMDIi — 1 — ® minSW: minimum of average soil moisture
50 for a week period
If SWi>MSWi _ _ ® maxSW: maximum of average soil moisture
SDj = SWi — MSWi % 100 for a week period
1= maxSWi — MSWi e SD: soil moisture deficit (-100 to 100) 15

(Shamsnia, Seyed Amir and Dehkordi,Davoud Khodadadi)
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Model Calculation and Data Used RS,

agg pe

Combined Drought Index (CDI): is a combination of three drought indicators of
meteorological, hydrological, and agricultural drought.

Ref: National drought monitor of the US, Nebraska university & EU research
Data used: Products of daily SPI, SRI, and SMDI
Model:

SPI + SRI + 1.55MDI
3.5

* We weigh soil moisture index by 1.5 because we consider soil moisture has more
influence on agriculture than other two indices



Model Calculation and Data Used RS

Drought Condition: Calculating long and short-term drought through CDI value
less than -1.

Data used: Products of daily CDI
Consecutive value of <-1,5 more than 15 days is considered long-term drought

Consecutive value of <-1,5 between 1 to 15 days is considered short-term drought



Model Calculation and Data Used RS,

Number of No-rain-day: Calculated by summing up consecutive daily rainfall. The
value less than 1mm a day is considered as no-rain-day.

Data used: Daily rainfall from 1981 to 2018 calculated by VIC (Macro scale
hydrologic model) embedded within RHEAS model coming from NASA satellite
information.



Model Calculation and Data Used

ArcToolbox

= @ Data Interoperability Tools
@ @ Data Management Tools
@ & Editing Tools
& @ Geocoding Tools
= @ Geostatistical Analyst Tools
= & IWRM
@ @) Linear Referencing Teols
@ & Muttidimension Tools
@ Network Analyst Tools
@) Parcel Fabric Tools
= @ RHEAS
= & RHEAS_preliminar
e cdi
e cdi_average
e cdi_days
e cdi_fixed
}H days
e Setnull
e SMIN
tpe SPI_SMDI_RUNOFF
s SR_Dry
e SR Wet
= & RHEAS_preprocessing
e soil_moisture_cumulated
u soil_moisture,_statistics
Qx soil_moisture_sum
e temporary_soil_moisture
= & RHEAS_processing
e cdi_mre
s Clipping
e days_mre
e days_norain_mrc
e sd_mrc
e smdi_mrc
e smdi_mre_simplified
e spi_mrc
e si_mre
= & RHEAS statistics
Spe Statistics_Folderl
e Statistics_Folder2
e Statistics_long_Folder]
}H Statistics_long_Folder2
@ @ Schematics Tools
@ @) Server Tools
= @ Spatial Analyst Tools

o B Coosiol Conbieioe Tonle
=] Results | [@] ArcToolbox |

~
Bas = [m] 3
Model Edit Insert View Windows Help
@& +EBBx 0~ L QO KSIVDP
A

v

-

Model

9 cdi_mic

Edit

Insert  View Windows Help
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Results and the website
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Results and the website

Dryspell

A Drought Early Warning
Lower Mekong Basin

Date: 14-01-2018

Dry Spell
Forecasting
CJowsdm [Cowman

B s noem

The draught monitor focus on broad-scale conditions
Local conditions may vary. See accompanying text
‘summary for forecast statemants.

Q=

Disclaimer: This drought monitoring and forecasting map is

verifcation. MAC does nol guarrantee the values and accuracy of

“aerrg, e

Non rain days

R

Drought Early Warning
Lower Mekong Basin

Date: 14-01-2018

Days without Rainfall

Forecasting

[Jowddm 010 00 das
T107dmm B w0 200m

Jresam [ 2o 10 san

[ 1suman [ ECTE
Makong er (7 LuB

Coustiy Boundares.

The drought monitor focus on broad-scale conditions.
Local conditions may vary. See accompanying text
summary for forecast statements

Q=

Disclaimer: This drought monitoring and forecasting map is

Drought Condition

2o o

Drought Early Warning
Lower Mekong Basin

Date: 25-04-2018

Dry Spell
Forecasting
[Jowdam
[Jewram
T remsen
] 138 0

Makcog iver (2

The focus.on
Local conditions may vary. See accompanying lex!
sumemary for forecast statemants.

€ o=

Disciaimar: This drought monitoring and forecasting map is

sce 110000000
320 um|

venfication. MRC does nol guarrantee the values and accuracy of

verifcation. MRC doas nof guarraniee the values and accuracy of
oy

™

RTINS

Torrig, e

S 110008000
300 um|

Drought Early Warning
Lower Mekong Basin

Date: 25-04-2018

Days without Rainfall

Forecasting

[Jowsam [ meam

Flseram B e 20
115 amm [ 20w 100 5w

[ I 00 %05 0m
Mokong wer (5 LMB (- Coumry Boondares

The drought monitor focus on broad-scale conditions,
Local conditions may vary. See accompanying text
summary for forecast statements.

€ QP =

Disclaimer. This arought monitoning and forscasting map is.

vertication, MRC doas not guarrantee the of

any ks

sy, o

20 s we 7 o

Scme 1 10000000

Drought Early Warning
Lower Mekong Basin

Date: 14-01-2018

Drought Condition

Forecasting
[ on oy [ srtremn oy [ tonarem o
nesng e 073 B (7% Coumy Beuntanes
™ focus on broad.scals condi

Local conditions may vary. See accompanying text
summary for forecast statements

€0 =

Disclaimar: This drought monitoring and forecasting map is

wericaton. MRC does not guarrantes the valves and sccuracy of
B

Drought Early Warning
Lower Mekong Basin

Date: 25-04-2018

Drought Condition
Forecasting
[ oy [ srortseem ey [ toma erm vy
Mekong aver (7 LMB . Country Boundanes.
-us on

Local conditions may vary. See accompanying text
summary for forecast statements.

€ 0=

Disciaimer This drought monitoring and forecasting map is

werifcaton. MRC does nof guarrantee the values and accuracy of




Results and the website

Lower Mekong Basin
Drought Monitoring and Forecasting
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Practices

> ArcGIS Software Installation
» Data Preparation

> Application Practice
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THANK YOU VERY
MUCH!
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