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SOUTH ASIA DROUGHT MONITORING SYSTEM (DMS):
OVERVIEW

A Goal - build climate resilience, reduce economic and social losses,
and alleviate poverty in drought - affected regions in SA through an
Integrated approach to drought management

A SADMS Integrates remote sensing and ground truth data (vegetation
Indices, rainfall data, soil information, hydrological data)

A SADMS supports regionally coordinated drought mitigation efforts that
can be further tailored to national level

A SADMS is a partnership initiative of IWMI, IDMP (WMO / GWP),
CGIARCRPOs (CCAFS [/ WLE) ,Gourameatsio s
SA.
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SADMS Process and Implementation
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1. Problem Statement




|. Drought

A Deficient precipitation compared to statistical muilti
year average conditionsiDMC, 2008)

A significanteconomic, environmental and social
impactsc direct and indirect

A amongthe most costly of all naturalisasters

A ranksfirst in degree of severity, length of event,
total areal extent and social effect when compared
to other hazardswilhite, 2000, p. §

A Since1980 more tharR.2 billion people were
affected by more thab61droughtevents
accounting 150billion economic damages (BT,
2017)

A Four types of droughts

A Metorological
A Agricultural

A Hydrological

A Socieeconomic

Mvatend A \watar-caciire \w/orlol
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Definition of drought: Four different types

' Ty
1. Soil water deficit
2. Middle time scale (seasonal)

3. Crop yield failure
4. Food supply imbalance

5. Grain market fluctuation

Agricultural drought jl

( Precipitation deficit )

—_— e — — —— —_—— —_———_——_— —_——_— —_—— —_——_——_——_— —_—— —_—— —_—— —_— — =

{Metmmlngical dmughD—»(H}'dmlﬂgical dmught)

1. Precipitation deficit

2. Short time scale (monthly)
3. Precipitation decrease

4. Relative humidity decrease
5. Radiation increase

"

- Y

' I

1. Water resource imbalance

2. Long time scale (semi-yearly)
3. Groundwater level decrease
4. Rivers dry-up

5. Reservoir depletion

Socio-economic drought

A water-secure world
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Droughtriskassessment

Hazard: Characterization of drought;
A Spatial extent o
Magnitude / severity
Frequency

Intensity

Duration

I > I D D >

Vulnerability: Characterization of drought effects

A Thecharacteristicsand circumstances of a
community, systemor assetthat make it
susceptible to the damaging effects of a hazard.

Source: UN/ISDRtp://www.unisdr.org/eng/library/lib-terminologyeng.htm



http://www.unisdr.org/eng/library/lib-terminology-eng.htm

2. Drought Monitor using remote sensing




ll. Drought Indicators and Remote Sens

)

(

Drought Hazard vs. Drought Risk

A Drought Hazardmeteorological
parameters (Prec., Temp., PET, SM)

A Palmer Drought Severity Index
(PDSI, Palmer 1965)

A Standardized Precipitation
Index (SPI; Guttermann, 1998)

A Crop Moisture Index (CMI; ——
Palmer 1968) // 1
A_— Z“«Qﬁ
A Surface Water Supply Index £ | £
(Shafer and Dezmann, 1982) & .
; -y %}?
e v SR e
T — -
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ll. RemoteSensindata

410 @ L0dS
S9SN @ 8 LYSANYT

VS3 @ VT [3unuss

Sensor Launchdate Spectra Spatial resolution Temporal resolution

Landsat 1972 VIS, IR 15-60m 16 days

RapidEye 2008 VIS, IR DX Em 1 day

Sentinel -2 2019 VIS, IR 10-60m 10 days (solo), 5 days (dual)
AVHRR 1978 VIS, IR 1100 x 1100 m 14 times each day
MODIS 1999 VIS, IR 500 - 1000 m 1day

MERIS 2012 VIS, IR 300-1200 m 3days

SPOT 1986 VIS, IR 1.5-6m 2 -3 days

Sentinel -1 2014 SAR B5X5m 10 days (solo), 5 days (dual)
‘TerraSAR - X 2007 SAR 1-18m 2,5days |
TanDEM - X 2010 SAR 1—16m 1 day

V3 @ VT [2uRUss
410 @ X-yvseds]




ll. Remote&SensindData

! | ! ! ! | !
Landsat
1 1 1 1 :
i I I i RapidEye
i . i - !
! ! ! ! Sentinlel - 2
! 1 1 1 1 E
: AVHRR o3
! N N 1 . 1 g
: : : MODIS
1 1 1
| | | | ]
: : : : MERIS
I I :
| 1 SPOT
i | | | |
a i i a i
! | | ! TerraSAR-X
! ! ! ! ;
! ! ! ! TanDEM-X =
1 1 1 I (Va]
| I I | |
| X X | Sentingl -1
i | | i I
1970 1980 1990 2000 2010

Own illustration. Based on data of DLR, ESA, NASA, Planet Labs, USGS (2016).



l|.Drought Indicators and Remote Sensing

Example: Agricultural Stress Index System (ASIS): Global and Country Analysis

Agricultural Stress Index System is based on the Vegetation Health
Index (VHI) (Kogan et al. 1995)

Vegetation condition index (VCI) Temperature condition index (TCl)

|
NDVI; — NDVIyin BT,qx — BT;

N NDVlmax - NDVImin TCIl - BTmax - BTmin

Vel

Vegetation Health Index (VHI)

m VHI = a*VCI + (1-a)* TCI

International




3. SADMS approach
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L * T
: Brodght Monltorlng Appraach e
,«’ S
MOD11AZ RMM 3B
INPUT MODO09A1 oo GLOBELAN LULC 2014 Waterbody
(500m Surface Reflectance (1km Land Surface (27km preupltatlon (30m) (56m) Mask (30m)
DATA estimates
Red NIR LST Band 8 day . Lag calculation .
Band Band extraction accumulation "| (previous + current) Mult eielles
I I Merging
LJ:::::::::::_I
nove o b
Calculation bbbttt B R TimeSeries iy
* 1 Composite of longerm stack images ! | :4—: F’I’ECIQIEa_tI_ n_=+"- = —
_azhTTTiTIi I — [ NDVI | 'L bt Scale and projectior]
DATA PRE| Time Series creation 1 ! ! : — - matching
L || —m L_— ==
PROCESSIN NDVI LST : L _I' R B
:_ _________ Qi A 4
_________ L . e Y Mask of Agriculture
: Noise reduction & Fourier smoothlng: : Identification of Longerm anomalies : and nonagriculture
1
|| NDVI LST | ! ' | NDVI LST TRMM | | areas
N . I }
DROUGHT | Standardized drought index calculation !
5 > —————
MONITORING i vVCl TCl PCI .
e ——
TTTTTT oo T
DROUGHT| , Ground Vallngthn T datah ' In?eeg;/r(:tc;%m[)ergtu%fht Map and statistics | _
roun Istorical database 1 .
ASSESSMEN'IJ' s i1 (5 i Severity Index (IDS) generation

Notes: MODO0O9AE MODIS Surface Reflectance of eveiy&/ product at 500m resolution; MOD11AMODIS Land Surface Temperat(lt8T) daily product at
1,000m resolution; TRMN Tropical Rainfall Measuring Mission; LULC NR%@d Use and Land Cover from National Remote Se@singge; Water body mask
from Landsat images; ND§Normalized Difference Vegetation Index; Y ®egetation Condition Index; TCTemperature Conditio Index (TCI); Precipitation

Condition Index (PCI), IDShtegrated Drought Severity Index



. Anomalies
) - 12/2012
- 04/2013

g “ Soil Moisture
¢ . .
b~ Anomalies
". 12/2012

- 04/2013

Comparison of IDSI, NDVI and Surface Soil Moisture anomaly for the drought year Dec 2012 — April 2013
High correlation observed among the IDSI and other essential variables in drought prediction and early warning.
The SM can be used to predict by 15-30days in advance on the vegetation condition for better decision making among stakeholders

Characterizing Drought Severity

Wl

Fied Vabdtion Ot 2018
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Characterizing Drought Severity

2014_Week_30
Drought Severity
- (Exremely Severe)
- (Very Severe)
- (Moderately Severe)
I:l (Stress)

[ watch)

B Normal)

- (Very Healthy)
l: Districts

(I waterbodies

-y

L i South Asia Drought Monitoring System (SADMS)




Characterizing Drought éeveri‘tfi

DS Extreme Exceptional and widespread crop/pasture losses <5 (with very low values of VEICI and
Shortages of water in reservoirs, streams, and wells TCI)
creating water emergencies

D2 DS Severe Crop or pasture losses likely 10¢ 15 (with moderate values of VCI,
Water shortages common low PCI and TCI)
Water restrictions imposed

D1 Stress Some damage to crops, pastures 15¢ 20 (with moderate VClow PCI and
Streams, reservoirs, or wells low, some water moderate TCI)

shortages developing or imminent
Voluntary wateruse restrictions requested

DO Watch Going into drought: 20¢ 40 (with moderate valuesf VCI,
short-term dryness slowing planting, growth of crops PCI and TCI)
or pastures
Coming out of drought:
some lingering water deficits
pastures or crops not fully recovered

Normal Normal >40(vegetation growth is normal with
essential variables with a function of
high VGITCIPCI)

tetries A water-secure world WWW.iwmi.org
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2003 Yala (Apr-Sep)

Rainfall anomaly

2003 Yala (Apr-Sep)
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Rainfall anomaly  Drought extent Crop yield anomalyDMC Reference Map
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VCI vs. Crop Yield
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Crop type: Maize
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ﬁ AverageVClof rainfed season was compared with yield h
majorrain-fed harif) crops which reveals that a good
agreement

3-month SPI also had a good correlation with IDSI for droug
year and normal year

High correlatiorco-efficient (r) was found to b8.71, 0.72
and0.71(p = 0.05) for sorghum, pearl millet anthize
respectivelywhich reveals that there is a strong positive

—

correlation presenbetween VCI and yield of majkharif

\ crops




Water Management Warld

Ecosystems FOGD SECURTY
Institute Metearaiogical

SOUTH ASIA DROUGHT MONITOR SYSTEWIGA [kt Rvesgs %,,;? B s (O TUE
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Integrated Drought Severity Index (IDSI)
Kharif 2015

Integrated Drought Severity Index

>z

Drought Class
Rabi R
Jan 2015 (001) . s
[ Modecate
[Jsues
[ watch
Drought Class I Normat
W sialthy
I Extreme [ Non-Agaculture
— 0 70 140 280 km Flooded Area
] Moderate L L J B water Body
[ stess
[ Watch
I Normal
B sty |
[ Non-Agsiculture
[ WaterBody
] Ocean 0 305 610 1,220 m
[ wet L L L L 1 L L L 1

/A First of its kind to establish for entire South Asia using multisource remate
sensing observations;

A Historical drought risk mapping and assessment covering SA countries
(2000¢ Current);

A IDSI allows better understanding on drought frequency, duration over the
16years;

2015 field observations igalna
Maharashtra

Q Products are useful tools in drought mitigation studies and in deeisioy
making process;

S 5= SZ252
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Current status of droug ht condition '0\/_15(

distribution over India '
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( The Drought Monitoring System produces 25N
£ Integrated Drought Scverity Index (IDSI) on a
» '3 weekly basis by combining satellite derived
/ information on the conditions of vegetation, 20N
- % temperature and rainfall datasets using long-term
A0 (15 years) record.
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collaboration  with  World ~ Meteorological : - . i N <
Organizations (WMO), Global Water Partnership CE el el ik el
(GWP) and CGIAR Research Program on Climate 80 70 B0 SO 40 40 S0 @0 70 BO 40 50 80 70 80 (%)
('lun_gr. \gri(ullurr and Food Security (CCAFS)
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Consensus outlook for 2017 Southwest Monsoon Rainfall over Scuth Asio
Disclamier: The drought monitor focuses on broad-scale T ST T T

conditions. Local condition may vary. This is an

HYDROMET DIVISION, NEW DELHI
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experimental product and the validation was carried out
with limited ficld observations. Copyright 2016
International Water Management Institute (IWMI). All
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© International Water Management Institute (IWMI)

/A Drought condition over South Asia seems relatively |lo
compare to the previous years of 2012, 2014 and 2016.

or062017
523.923) 01092017

P
LEXCESS 0

A Areas under drought condition includes India(Souther

KarnatakaMarathawada Madhya Maharashtra, East B

lAll india Area Weighted Rainfall (mm.)
Acteal  Normal

6963  721.1

West MP), Sri Lanka (North Centradythwesternand i =g - ;
K eastern provinces), parts of Southern Nepal L Tl T ol T

NOTES:
() Raintall figures are based on operational data,
[b] Small figures indicate act

m.), while bold figures indicate Normal rainfall fmm.}
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DroughtAssessment on Population Exposure an }i’

Agricultural losses >
% from

Country | Geographica| Agriculture % from | Agriculture A Average drought affected area in

.Name area (kM) | area(km?) | Average| total area area agriculture approx. 860,000sq.km
In@a 3,263,57{ 1,734,19] 683,53¢ 20.94 39.42 for South Asia between 2001 to
Sri Lanka 65,844 22,013 5,954 9.05 27.04
Pakistan 793,93 286,809 105,48¢ 13.29 36.78 2015;
Afghanistan 644,071 379,100 16,39( 2.54 4.32
Bangladesh 135,03] 105,13 35,761 26.44 34.07 Among SA countries, India ranks
Bhutan 39,651 2,774 326 0.87 11.73 the highest drought affected area
Nepal 146,87 51,214 12,59/ 8.51 24.59 ~683,000sq.km followed by

Pakistan (105,484sq.km),
Bangladesh (35,767sg.km)
Average Affecte{ % affected
Country Population (2002-2015) | (2001-2015) _

India 1,251,695,58 279,246,97 22.3] In terms of Populatlon expogu_re
Sri Lanka 20,770,74 1,357,28 6.53 from drought_appm).(. 365 million
Pakistan 188,924,.87]  39,814,33 21.01 people of which Indian parts
Afghanistan 32,564,34 2,748,62 8.44 covers 279million followed by 39
Bangladesh 160,995,64]  35,459,35 22 0 million in Pakistan, Bangladesh
Bhutan 774,83 35,541 4.59 35million and others
Nepal 28,679,52 5,737,40 20.01

30
o
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&

e
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WWW.IWMmI.org



4. Experimental SADEWS and SM Drought Indices




South Asia Drought Forecasting and Early Warning

Nearreaktime rainfall estimate

JAXA GLOBAL RAINFALL WATCH mEsmAKxTsT
EROM ks =

(SADEWS)

SRI: Hydrological drought severity
SSI: Agricultural drought severity

Hydrological Drought (1-Month SRI} Agricultural Drought (1-Month SSI)

Rainfall forecast biNOAA GCFS
and lITM

v
70 75 B0 8 90 95

https://sites.google. iitgn.ac.in/high_resolution_south_asia_drought_monitor/

g

Forecasting impact on agriculture

Joint Collaboration of HGN in model development and exploring with IITM/IMD to obtain weather

forecast data



