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Drought disaster reat hunger, social instability, large scale migration of the population and extinction of
civilizations in the history.

* Conflict between water supply and demand = the biggest problem for food security of a huge population in
Asia-Oceania. =» Major policy responses are needed which relies on effective/efficient information.

* Under climate change, more frequent droughts and flash droughts are anticipated, predication will be
necessary for preparedness and adaptation will be essential. e.g. how to adapt to future changes and needs?

Mean flash drought frequency (1980 - 2015)
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Meteorological Drought: Driven by precipitation deficit and its duration

Hydrological Drought: occurs after longer period of precipitation deficit

A reduction in water resources (stream flow, lake level, ground water, underground aquifers) below a specified

|

- Less rainfall

- Warmer air

- Energy excess of water
|

level for a given period of time
|

Impact of meteorological/hydrological drought on vegetation condition and crop yield

m Man-induced Drought
Diversion of river water
Groundwater depletion

Increasing water demand =» economical development and living standards

Water outflow exceeds inflow

Agricultural Drought: Insufficient soil moisture level to meet the plant needs for water during growing period

01 Background
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D Rainfall - driVing factor Cumulative Daily Deviation [2006 - average]
; .. . - ) - Anomaly lasted for longer
PAP: Cumulative precipitation anomaly percentage over given time period: s than two months

AP,.. = [P;— P; (mean)] /P; (mean) (j: a specific period, week, month, year, etc)

E » Anomaly starts from Jun
SPI: Standardized Precipitation Index - cumulative probability over a given time scale £ * Negtvestope mdeton ce:
o | Gaviyordrudit i aRincion it
il slope and length of the red line.
O Land surface response to drought
m Land Surface Temperature (LST) m Vegetation Condition RGeS

* Temperature Condition Index (TCI)
(Kogan, 1995, 2002):
TCIl = (LST - LST i /(LST pax - LST1in)

0 € cold extreme
1 €« warm extreme

* Vegetation Condition Index (VCI)
(Kogan, 1995, 2002):

VCI = (NDVI - NDVI.,.) / (NDVI._, - NDVI, )

0 : bad vegetation condition
1: good vegetation condition

Percentage (%)

Percentage (%)

* Normalized Vegetation Anomaly Index (NVAI)
(Jia et al., 2012):

NVAI = (NDVI - NDVI,...) / (NDVI,, - NDVI_,. )

-1 ~ 0 : decreased vegetation condition
0 ~ 1 : increased vegetation condition

* Normalized Temperature Anomaly Index
(NTAI) (Jia et al., 2012):

NTAI = (LST — LST 1ean) / (LSTmax - LSTmin)

-1 ~ 0 : cooler than normal condition
0 ~ 1 : warmer than normal condition

Percentage (%)
Percentage (%)

onset; severe stage; post-drought
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] Water stress and drought development [ Slow drought vs Flash drought

Energy-limited Moiséure-éq'ﬁted |1 16 7 —ET —PET —ET/PET =
ET - E, 0~ 14 - 1.8
J" - , .4“/\, A~
E o A | 4’1 ;-’\“\!(\ i 1.6
. 0 7e E N | f ': ] ¥ Y \a
—, |Root zone soil moisture too ! = \ | i
U] x e & i, i
b= Surface moisture £ ) i S
i i ; 5 o3 | o
< \ 3 =
8 - 2 2
L s Feedback from ©
5 B drying land a
TESG Evaporative 8 ’—\ SURSCHIaieas g =
& | demand (E) i . =3
L‘UE i e \ ) = 5/1 5/15 5/29 6/12 6/26 7/10 7/24 8/7 8/21 9/4
L \x S~ Date Li, Jia et al., manuscript
Evapotranspiration (ET) \

—~_| QO Flash drought:
= caused by precipitation deficit while accompanied by
abnormal high temperature and dry air, strong solar radiation
Pendergrass et al,, 2020; NCC = root-zone soil moisture drops down significantly in short time

Drought development in time

Y
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(1 Water stress and drought development
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Li, Jia et al., manuscript

Flash drought:

caused by precipitation deficit while accompanied by
abnormal high temperature and dry air, strong solar radiation
root-zone soil moisture drops down significantly in short time
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Web-GDMAP: Web-based Global Drought Monitoring & Analysis Platform
A monitoring and analysis system using multi-source satellite data
products and other EO data.

O Data quality check and pre-
‘ processing
SRl @Ab“tjfmee‘ié%? = Filtering (quality control) is necessary to
o E remove poor quality data
et o =~ : = Reconstruction of time series (towards

gap-free products) to ensure data
usability

=) Global Drought Monitoring & Analysis Platform  \Neb-GDMAP
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Drought impact evaluation

- , ; " |Impact on regional water resource
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= |mpact on agricultural yield

Information visualization

03 Web-GDMAP
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Web-GDMAP: System Architecture N
Main Functions:
PyModis Download, Pre-Process . . .
cdsapi (GDAL & Rasterio & Fiona) - @ e B Spatial drought information
)\ raster data manager . . . .
Brought datassts | — oeT GDA“"'postgresoL extraction and visualization
(MODIIE%ME;?:?)} V‘;MO | | B Time series drought information
3 DataBase Management hon" i g ot
WF!S ene (REcdran: Petascore Ay @ pytho PWPS extraction and visualization
database Engine, PostgreSQL) . B Regional drought alert
OpenDAP ! APACHE MapServer \_ & & Y
Drought . Web Processing Web Mapping System Characteristics: \
Monitoring CGl Service Service
(Python: PAP, VCI, (Apache2.0 & (MapServer: SLD, E B Ad-hoc drought analysis
NVAI, NTAI..) PyWPS & Python) Proj.4) _ _
Q=cHarTs A HICHCHART B Web-based information system
S 1) WPS JSON WFS | WMS : :
D 1 JS E&aﬁ&;{) - | M Big data management and Analysis
e T Web GIS GUI WMS - .
- (Leaflet & HighChart & ECharts & Open source architecture
T HTML & JavaScrip) WFS B User-friendly WebGIS Graphical User

© Extemal request Internal request Request K Interface (GUI) /
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Main Functions:

@ Global Drought Monitoring & X +

&« C A 7=% | droughtmonitor.com.cn:202. p/map

B Spatial drought information
extraction and visualization

Web-GDMAP

ff;ﬂ Global Drought Monitor

| ool AL V:LfIE-.-dback
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i i B Ad-hoc drought analysis
B Web-based information system
, o B Big data management and Analysis
2.9 R B Open source architecture
A variety of base maps e : .
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Severe Drought in Low Mekong River Basin (2016)

The catastrophic drought in 2016 created economic losses of around 650 million S and adversely affected 17 million people
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Severe Drought in Low Mekong River Basin (2016)

I The catastrophic drought in 2016 created economic losses of around 650 million S and adversely affected 17 million people

U Drought evolution monitored by Normalized Vegetation Anomaly Index (NVAI) (Feb. - Jun. 2016)
NVAI = (NDVI— NDVI....) / (NDVI ....,) Stressed -1 <4=m  NVAI =) 1 unstressed
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Severe Drought in Low Mekong River Basin (2016)

Timeseries Drought Monitoring Indicators

(d Time series drought indicators
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Severe Drought in Low Mekong River Basin (2016)
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~evere Drought in Low Mekong River Basin (2019-2020)

The drought in 2019 continued to 2020 was the most severe one in the historical record of the LMR, including the
catastrophic drought in 2016 ( MRC, technical Report, 2022)
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| evere Drought in Low Mekong River Basin (2019-2020)

The drought in 2019 continued to 2020 was the most severe one in the historical record of the LMR, including the
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“evere Drought in Low Mekong River Basin (2019-2020)

The drought in 2019 continued to 2020 was the most severe one in the historical record of the LMR, including the
catastrophic drought in 2016 ( MRC, technical Report, 2022)

Timeseries Drought Monitoring Indicators

(d Time series drought indicators
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d Improvement of the web-GDMAP

* |mpact on hydrological condition (water areas/levels of lakes and reservoirs )
" |mpact on agriculture

"= Drought risk analysis under global change (climate change and human activities)

J web-GDMAP online for pilot countries or regions (Mekong River Basin ?)

J Strengthening of cooperation with AOGEO member countries and users of the drought
monitoring system

05 Future Plan

AOGEO WS 2023 | Jia/AIR-CAS (jiali@aircas.ac.cn)

19



CEO™

Earth Observations
for Asia-Oceania

Li JIA

jiali@aircas.ac.cn

Aerospace Information Research Institute (AIR)
Chinese Academy of Sciences (CAS)

A $ N The 6th Asia- Oceania Group on Earth Observations (AOGEO) Workshop
' ' https://conferences.cis.um.edu.mo/AOGEO-workshop-2023/
Email: aogeo china@aircas.ac.cn

2 \'_;n =

%

AOGEO WS 2023 | Jia/AIR-CAS (jiali@aircas.ac.cn) 20



Name
Affiliation& Title

6TH ASIA-OCEANIA GROUP? ON EARTH
OBSERVATIONS (AOGEO) WORKSHO?

May 29-31, 2023 Macau, China —

- Short Bio of Speaker:

AOGEO WS 2023 | Jia/AIR-CAS (jiali@aircas.ac.cn)

21



