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RADI

e happened in most areas of globe.

e rank first among all natural hazards when measured in

terms of the number of people affected, total economic

loss, social effect and long-term impact.
Source: UN-ISDR (International Strategy for Disaster Reduction) - Period 1991-2005

Number of people reported affected Total amount of reported economic Number of people reported killed
(millions) damages (2005 USS$ billion) (thousands)

2.6 16.3
46.3 7
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Reliable multi source remote sensing data

for Agricultural drought monitoring
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DroughtWatch Architecture £

RADI
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Evolution of DroughtWatch (1998-2018) £2,

RADI

Version Major Revision Improvement Time
V1.1 |Several calculation modules built by program Tryto f|n|§h the part of drought 1998
monitoring by the computer
The drought monitoring system based on | Drought monitoring can be calculated
V1.2 . . 2006
AVHRR, named as DroughtWatch for China automatically
MODIS is beyond AVHRR specially in
V1.3 Replacement of AVHRR with MODIS image quality and geometry location 2008
accuracy
V2.1 automatic operation system was emerged | The system can be automatically run | 2009-2010
V2.2 Update the baseddaz;c:;)cropland, raxmin Improving the accuracy and stability 2012
V3.1 Extend to the other countries Developing the system applicability | 2013-2014
Va1 Interactive drought monitoring system for |Interaction func'Flons and. information 5015-2017
globe demonstration were involved
. Improving drought forecasting
V4.2 Drought forecasting in short terms 2018-2019

functions




DroughtWatch 1.2(Chinese)

— Input: AVHRR/NOAA(4km*4km), soil moisture data

— Range: China

— Indices: VCI, TCI,VHI,NDWI
— Output(Drought products):

» Temporal resolution: dekad/month
» forms: raster data, drought distribution map, statistics data by

different administrators.
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DroughtWatch 2.1(Chinese) QJ
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DroughtWatch 3.1(English+Chinese) <2

— Input: MODIS(1km*1km), soil moisture, rainfall,
meteorological and statistics data

— Range: global(country scale)
— Indices: VCI, TCI,VHI, NDDI, VSWI, Al,SPI
— Output(Drought products):

= Temporal resolution: pentad/dekad/month
= forms: raster data, drought distribution map, statistics data by
different administrators.

— Updating:
= database modules: manage many kinds of data
= Batch function: Drought monitoring can be calculated
automatically .



DroughtWatch 3.1(English+Chinese) &%

 Data management
(in-situ, statistics, Geotiff etc.)
* Data preprocessing
(RS data processing, composition)
* Indices calculation
* Drought monitoring
(by single index and combination indices, dashboard)
* Statistics and analysis
(over the spatial, over time interval)

* Batch for the whole procedure
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Forms(database, tables,

DroughtWatch prodUcts

files, maps, charts, graphs)
* Drought map and
comparison results

* Spatial distribution maps | =

VHI, 20000701D

Elserious [ Moderate [ISlight [ Normal

* Time change charts
* Drought classification graphs
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DroughtWatch ® Features )

RADI

Continuous operation from 1998

Remote sensing data are main data sources
Independent without using statistic data
Automatic processing

Validation and uncertainty analysis continuously

Crucial information services to different government
departments
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Drought indices selection 2
* Collected and surveying all drought indices existed(several dozens).
 Compared the advantage and disadvantage for every drought index,
and determining which index is suitable for the certain country or

region.

________________________________________________________________________

»  CWSI-Crop Water Stress Index |

» RDRI-Remote Sensing Drought Risk Index ; . .

+ NDVI -Normalized Difference Vegetation Index | | Normal!zed D!ﬁerence Water Index (NDWI)

+  NDVIA —Anomaly of NDVI ; . Normalized Difference Drought Index (NDDI)

+  NDWI-Normalized Difference Water Index | | Vegetation Condition Index (VCI)

» NDII -Normalized Difference Infrared Index i | .

+ SV -Standardized Vegetation Index | . Temperature Condition Index (TClI)

+  LWCI-Leaf Water Content Index ___ix. | Vegetation Health Index (VHI) |
5 Egﬂg'ﬂ;Eggﬂﬂfgﬁﬂ;ﬁ :___I » Vegetation temperature condition index (VTCI) |
i « 0 _Temperaturecgnditign Index E ', NOI‘mallzed MUIU Drought IndeX (NMDI)

+ VHI -Vegetation Health Index g | Vegetatlon Supply Water Index (VSWI)

: E%’r'ueg'é’tgaLEE%SEEgpﬁiﬁ”ﬁg:{f@%ﬁgﬁf | - Visible and Shortwave infrared Drought Index

+ VCADI -Vegetation Condition AlbedoDrought Index ' - (VSDI)

+ PDI-Perpendicular Drought Index : 5 !

+ MPDI -Modified Perpendicular Drought Index ;

+  NMDI - Normalized Multi-Band Drought Index

............



Drought indices method Q)

Satellite-Based Drought Formula(e)
Index

NDVI; — NDV 1w in
J = x 100%
VCI NDV Im ax — NDV Im in
NDVImax and NDVImin are the maximum and minimum
NDVI in multi-year dataset

_ LST  — LST,
7CIj = 2 % 100%
LST . — LST

min

TCI
LSTmax and LSTmin are the maximum and minimum LST in
multi-year dataset

VHI = axVCI + (1 — a) x TCI

VHI
LST, — LST,, ..
VTC]l — A\[)VJI"V,MX NDVI1
VTCI LSTypy = LTy
LST,,, —=al+blx NDVI, LST,, = a2+ b2x NDVI,
NMDI NUDI = Rgoomn <Rl64(}1m — RZIB(hm)
R860nm B (R164(hm + R2150nm)
VSWI vswr = 15
NDVI
NDWI NDWI = £Zswir — PN
Pswir T Pnir
WOV = 3DrT

NDDI NDDI =
NDVI + NDWI




How to select suitable
Indices?
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Drought indices selection

Adaptability analysis
« Correlation coefficient
« Consistence Percentage

« Spatial Analysis

Reference Indicators
« Meteorological indices
* Soll moisture

« Normalized biomass

« Regional drought-affected data

* Yield departure

Remotely- Land cover,
sensed data climate zone,
(MODIS1b/TE administrator

RRA) border data

v

Parameters calculation:

Visible, near infrared, short-
wave infrared band

Data preprocessing:
(geometric correlation, radiometric
calibration, atmospheric correlation,
cloud mask and so on.)

Land surface/ canopy
temperature
Vegetation index
Cloud, water mask

D,

RADI

Candidate drought
indices:
TCl
VCl
VHI
VTCI

A

VSDI

VSWI
NMDI
NDWI
NDDI

A4

Land cover types:
e Forest steppe

e Steppe
o desert steppe

\i

Best suitable
RS-derived drought
indices for Mongolia
grassland

Analysis methodology:

Pixel-scale: - Correlation

Temporal
analysis

Consistent
County-scale:
percentage
. Spatial
Regional-scale: distribution

PED
—_

Rainfalli

Air temperature

{ Normalized Biomass J

R

,,,,,,,,,,, L Soil moisture J

J Region drought affected
l data(RDA),,,,‘

Adaptability analysis framework of the RS-

derived drought indices




Pixel scale

D,

RADI

In different land covers and vegetation growth periods, compare

the relations with drought indices and relevant parameters.

Correlation analysis between drought indices and PED

RS-derived indices

Forest steppe

Steppe

Desert steppe

TCI

VCI

VHI

NDWI

NDDI

VSWI

VICI

VSDI

NMDI

-0.69/-0.43/-0.57/0.07

-0.57/-0.20/-0.34/0.14

-0.75/-0.36/-0.61/0.09

-0.65/-0.20/-0.50/0.10

0.58/0.21/0.44/0.10

0.70/0.35/0.54/0.09

-0.63/-0.29/-0.48/0.08

0.48/0.02/ /0.25/0.11

-0.59 /0.05 /-0.27/0.20

-0.71/-0.35/-0.56/0.08

-0.68/-0.27/-0.47/0.10

-0.76/-0.52/-0.66/0.07

-0.69/-0.29 /-0.54/0.09

0.62/0.02 /0.39/0.15

0.73/0.35/0.58/0.10

-0.59/-0.23 /-0.46/0.09

0.35/-0.29 /0.13/0.13

0.48/-0.52/0.10/0.24

-0.62/-0.28/-0.46/0.09

-0.58/-0.16/-0.40/0.11

-0.75/-0.31/-0.56/0.11

-0.58/-0.20 /-0.43/0.09

0.39/-0.04/ 0.15/0.12

0.64/0.33/0.48/0.09

-0.57/-0.22/-0.39/0.10

-0.11/0.23 /0.09/0.10

0.51/0.13/0.31/0.13




Pixel scale

)

RADI

Correlation analysis between drought indices and soil moisture

RS-derived indices Forest steppe Steppe Desert steppe

TCI 0.58/0.03/0.36/0.16 0.63/0.05/0.39/0.15 0.49/0.13/0.32/0.13
VCI 0.17/0.13/0.08/0.10 0.49/0.10/0.24/0.13 0.58/0.35/0.43/0.08
VHI 0.42/0.10/0.32/0.13 0.67/0.10/0.40/0.15 0.61/0.37/0.48/0.08
NDWI 0.29/0.06/0.17/0.13 0.69/0.02/0.26/0.17 0.43/0.08/0.22/0.34
NDDI -0.32/0.00/-0.18/0.10 -0.62/-0.10/-0.19/0.17 -0.19/0.00/-0.10/0.07
VSWI -0.37/0.00/-0.28/0.12 -0.65/0.00/-0.38/0.14 -0.58/-0.40/-0.48/0.07
VICI 0.51/0.00/0.29/0.14 0.60/0.00/0.33/0.14 0.47/0.03/0.25/0.17
VSDI 0.32/0.01/0.11/0.17 0.43/0.03/0.25/0.16 0.54/0.02/0.19/0.27
NMDI -0.29/0.00/0.02/0.25 -0.39/0.00/-0.06/0.16 -0.49/0.00/-0.26/0.25




Pixel scale )

RADI

Correlation analysis between drought indices and normalized biomass

RS-derived indices Forest steppe Steppe Desert steppe

TCI 0.70/0.04/0.43/0.19 0.80/0.09/0.45/0.21 —0.46/0.73/0.23/0.30
VCI 0.83/0.35/0.64/0.16 0.94/0.12/0.57/0.16 0.92/0.28/0.67/0.15
VHI 0.87/0.30/0.62/0.17 0.94/0.38/0.60/0.14 0.82/0.32/0.59/0.16
NDWI 0.92/0.48/0.70/0.14 0.95/0.15/0.61/0.17 0.86/0.08/0.48/0.20
NDDI -0.81/0.14/-0.57/0.17 -0.80/-0.08/-0.50/0.19 -0.57/0.11/-0.33/0.17
VSWI —0.78/0.38/-0.59/0.14 -0.88/-0.33/-0.59/0.14 -0.83/-0.26/-0.60/0.12
VICI 0.61/-0.21/0.32/0.22 0.72/-0.32/0.31/0.25 0.68/-0.76/0.05/0.34
VSDI 0.49/-0.48/-0.08/0.25 0.73/-0.56/0.02/0.33 0.82/-0.70/-0.05/0.38
NMDI 0.69/0.00/0.39/0.22 -0.70/0.67/-0.16/0.38 -0.79/0.05/-0.36/0.23

Biomass(i, n) — Biomassy, (i, n)

Biomass izea(1LN) = ' j J
normallzed( ’ ) Biomassmax(l, n) — Biomassyin (l, Tl)



County scale

RADI

Comparisons with the region drought-affected area in County
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J The VCI, TCI, VHI, and NDW!I are more sensitive to grassland drought and had
stronger relationships with the RDA.
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Comprehensive results 2

RADI

Sensitivity of RS-derived drought indices to the reference indicators

Reference indicators Forest steppe Steppe Desert steppe
PED VHI*/TCI** VHI*/TCI ** VHI*/VSWI**
Soil moisture TCI*/VTCI** NDWI*/VHI** VHI*/VSWI**
NorBio NDWTI¥/VHI** VHI */NDWT** VCI*/VSWT**
RDA NDWTI*¥/VHI ** VHI*/VCI** VCI*/VHI**
RDA spatial distribution NDWTI*/VHI** VHI*/VCI** VHI*/VCT**

NDWI-VCI-TCI



How to develop the
drought combined model?
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Seasonal variation %

RADI
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13| TH |TW|TW|TW|TH|D¥|TH|HY|WH| TH | TH | TH | 122 | T | TW |H& |HT |HY [WH |HY [T | 7% | B | TH | TH
4| TH |TW|TH|TV |TH|TH (D |HY|TH|TH |TH | TH | 123 |TH|TH|TV|HEV |TH|(WH|(HY |TH [T | TH | TH | TH
15 TH |TW|TH|TW |TH|TH|[ET|HY |HI |HT |TH | TH | 14 |TW |TH|TH|HET |HT | TH |ET | BT [HY | BV | TH | TH
6 TH |TW|(T¢|TW|(TH|EV|(TH|HV|WE| ™ |TH | TH | 125 |TH|TW | T | T4 |TH|(HEV | TE | WH| T | TV | TH | TH
17| TH |TW(TW|TV|(TH|EV|(TH|HV|VHE|TH |TH |TH | 126 |TH|TH|TH|HET |TH|TH |ET|HT |[VE| TH | TH | TH
1’| TH |TW|TH|TW |TH|TH Dy |®¥ |TH|TH | TH | TH | 127 |T% |TH|TH|HT |HT | TH |E@T | I |HY | BV | TH | TH
TH |TW|T%|T% |TH|HEY|TH |HV(WHE|TH |TH | TH | ... |T% |TH | TH|HT (KT | TH [ET |HT [HY | HV | TH | TH
ig| TH | TW | T | T |TH|HY | TH|HY |PH| TH | TH | TH | 208 |TH|TW |TW|TV | TH|HEW | TH |[WH| TV | TV | TH | TH

M OngOI Ia Wtci (VHI a) 0.41 0.31 0.27 0.31 0.42

Woci (VHI b) 0.59 0.69 0.73 0.69 0.58

The suggested index was presented in the table for each district in different
months after the analysis of indices & references data ( soil moisture,
biomass and so on).
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Validation in China

RADI

« Study area: Jining, Shandong
« Time: April-May 2005
« Relation analysis: indices and soil

moisture
 The relation between indices and
soil moisture:
VHI > TCI >VCI = = .
o0 LX) o0
Depth TCI_R?2 | VCI_R?2 | VHI_R?

i i 93 ° e | °
10cm Soil moisture 0.93 0.66 0.97 © e e o ® X0
20cm Soil moisture 0.91 0.60 0.92 o] ° °

L N ] [ X | | N
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Soil moisture data from 70 stations and drought indices in 2003-2005 were

used to analysis:
* VHI have high relation with soil moisture in the growth season of crop,
- Especially, during crop growth seasoning of April to October,VHI has

good preformance,
« TCl is good for Nov-March, winter season
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Drought products validation with field data from 2014-2017:
- Soil moisture

Biomass
- Regional drought affected data from field observation

BIOMASS ce/ha
(averaged by two

CORRELATION BETWEEN FIELD BIOMASS Biomass and RS indices plot) NORMAL ANOMAL
AND RS DROUGHT INDICES,
0.70 VHI 0.42 0.76 0.69
sw T 0.60
o ' 050 TCI 0.55 0.78 0.67
vin T - 0.40
o Vel 0.45
val T S o020
@
1o T (—g g:;g
NDWI T G010 & & SO e R RN
O 02,%" ° q9°& §° éo\‘\ SRR 9

o T 230>

0 10 20 30 40 50 60 -0.40

May-+VHI -0.090.16-0.120.050.160.31 0.13 0.08 0.08 0.11 0.22 0.37 0.23 NDDI | VSWI TCl vl VHI
May-II-VHI 0.11 0,33 0.19 0.320.470.47 0.41 0.14 0.22 0.25 0.35 0.45 0.16| | R2
May-IIl-VHI 0.25 0.52 0.48 0.620.530.11-0.03 0.01 -0.130.06 -0.11 0.12 -0.29
lune-VHI - 0:470.54 0.710.440.00-0.16-0.17-0.30-0.14-0.18-0.10-0.48 | S| moisture(
June-lI-VHI 0.740.480.06-0.11-0.11-0.210.00 -0.10-0.06-0.25

une-1I1-VHI T 0%520.720.54 0.45 0.39 0.38 0.50 0.38 0.54 036 TDR,12CM) 0.545 | 0.690 | 0.774 | 0.773 | 0.877
July--VHI 0°%10.62 0.62 0.52 0.54 0.62 0.49 0.58 0.38

July-11-VHI 0366,0.64 0.78 0.76 0.81 0.46 0.54 0.67| | Soil moisture(

ik w00 070 028 00 0or| | TOR,20CM) | 0.765 | 0.623 | 0.823 | 0.749 | 0.890
Aug-ll-VHI 0.69 0.34 0.36 0.65

Aug-lll-VHI 4, 0.46 0.51 053 | Soil maisture(
ST 44043085 | FpA 10CM) | 0.073 | 0.194 | 0.171 | 0.189 | 0.204

Sep-lI-VHI 40 0.65




 Biomass of 131 sites from 2015 to 2017, were used for
drought combined model(PMDM) validation.

* The highest correlation between PMDM and Normalized
biomass is steppe area; followed by forest and desert steppe.

e PMDM and Normalized biomass are better correlation than
single index.

1.00
B TCI&NorBic mVCIENorBio WCIE&NorBio ®PMDME&NorBio
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DroughtWatch had been deployed to several relative
departments of China(agriculture, meteorology, disaster mitigation,

water resource and so on).
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Applications

DroughtWatch has been installed, and deployed into the
Mongolia(2014), Sri Lanka(2015), and Cambodia(2018).

[l Droughtviareh 33 | [ DroughtWateh 3.1

Modules Help
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User Login
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Agricultural drought monitoring was carried out in

some countries by the DroughtWatch: . P ———
AN
¥ A

Th‘ The early Aug 2013

e China(2000-2018),

*  Mongolia (2000-2018),
e Pakistan (2014),

e Srilanka (2017),

* Cambodia(2000-2018)

e andsoon
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Applications £z

RADI

Drought results for were involved into quarterly CropWatch

Bulletin, which was open to globe.

CropWatch bulletin

QUARTERLY REPORT ON GLOBAL CROP PRODUCTION % i%
- s ¢

B 51 - 100

Monitoring Period: April - July 2018 [ |Nodata|  ]16-35

Bl -5 [36-50

A t 31, 2018 [INo data
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. "5}-/ ] No data
e s
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Prospects 2

RADI

1. System upgrade
* Modifying the data processing module for Chinese higher

satellite data
* Model finalization will be updated in the system
 Model calibration and validation in more countries or

regions

2. Method development
« Drought monitoring based on available water in the

crop/steppe root zone

« Drought forecasting are carrying out
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