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Drought (D) as Natural Disaster

D. affects the largest number of people
D. is the most costly

D. is a part of earth’s climate

D. occurs every year

D. does not recognize borders, political &
economic differences




World Population Affected by Natural Disasters

1967-1991
% _
Disaster Type Affected Killed
Drought 51 38
Flood 38 9
Hurricane etc. 3 27
Geological
Earthquake 2 18
Volcano <1 <1
Total People Affected: 2.8 billions

Total Peanle Killed: 2 5 millions



Drought Disasters during 1980-2008

* No of people affected 1,551,455,112
India 2002 - 300,000,000
* No of people killed 558,565
Ethiopia 1983 - 300,000
* Economic damages
China 1994 S 13.8 bil
Australia 1981 S 6.0 mil
USA 1988 $ 40-60 bil

USA 2006-2015 California S 2.7 bil (21,000 job loss)

http://www.preventionweb.net/english/hazards/statistics/?hid=59



Drought Unique Features

—Start unnoticeably
— Build-up slowly
— Develop cumulatively

—Impact cumulative & not immediately
observable

— Mitigation: When damage is evident it’s
too late to mitigate the consequences

— Drought type: Meteorological, Agricultural,
Hydrological, Socio-Economic
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VH Requirements

 Real time NDVI and BT
* Climatology of NDVI and BT



Vegetation Condition (VCI) and Themperature condition (TCl)
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2012 Global Vegetation Health (VH)

From AVHRR/NOAA-19 Operational Polar Orbiting Satellite
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Global Droughts from operational satellites

3010 Russia
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2012- Extreme drought in the USA, southern UKRAINE, northern KAZAKHSTAN,
- Severe drought in eastern INDIA, Kenya & South Americe

2011 — Exceptional drought in Texas (USA) and the Horn of AFRICA

2010 - Exceptional drought in RUSSIA and UKRAINE



USDA user (August 8, 2015)

Eric Luebehusen, Analyst for FAS & WAOB
(ELuebehusen@oce.usda.gov)

“the 4km VVHI Is a very big hit at USDA with
senior level staff, economists, and .
meteorologists. | often get specialized
requests for maps of the 4 km VHI *“as
soon as It’s available”, and the data Is used
to support our monthly crop vield and
production estimates, particularly in the
mid-latitudes”



VIIRS versus AVHRR

Climate data records problems
Channels NDVI
7Y VIIRS — = B
0.e( (A) o.a! 1 (B)
:_ AVHERER _ "
0.4f 104
00506 07 08 09 1.0 14 OO0 T SHRR
Microns 0.0 0.4 0.8
Normalized Difference Vegetation Index (NDVI)
© e BT (D)
- llf,.., — - ] _ 1 Aad e — -f._..
0.8 | -. | 3 -
T [ y320
E | 1 H3o0f
0.4 | AVHRR Rogol i
|II | H - : .._.-
. \ J . 260 iy 1511}
%% 1 . 12 13 260 280 300 320 340 "X
Microns 260 280 300 320 340

Brightness Teperature (BT)



NDVI (SMN): AVHRR-VIIRS time series
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BT (SMT): AVHRR-VIIRS COR and TSer
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CAL/VAL: VH-Biomass & Corn Yield Modeling &

Prediction
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CAL/VAL: VH-Crop Losses Prediction: USA, Kansas
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AVHRR-based VHI & VCl Insurance
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VHP-drought stress & USDA pasture & winter wheat condition, May 6, 2013

VH-based Drought Stress & % state with pasture & range land in poor
|
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USA Drought from USDM & VHI

DO Aonomally Dry D1 Moderate Drought D2 Severe Drought - D3 Evtreme Drought -DﬂExmmnonaIDrwght

Drought from US Drought Monitor (USDM)

Drought from NOAA-19/AVHRR Vegetation health index (VHI)



Users attending Vegetation Health WEB
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VALIDATION: VCI/VIIRS vs VCI/AVHRR
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VALIDATION:
TCI VIIRS vs AVHRR
Sep 9, 2014
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Vegetation health (VHI)

—135 —45 45 135
0 A S .
+ o = in
0 <. B}
w y th
'y} I
| i ; : o

) \ DR i F -

—45
oF—

—135 —45 45 135

S-NPP/VIIRS
—135 Stressed —4& : Ifair | 49 Favorable 13&
0 E 12 24 36 43 EO 72 B4 100

VEGETATION HEALTH. August 6. 2015



SNPP/VIIRS VHI & DROUGHT, USA Midwest, July 2012
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*Drought affects Global Food Security
by reducing agricultural production
below consumption.

*Since 2000, this occurred 8 years out
of 13.

*Early drought detection and accurate
monitoring its area, intensity,
duration & impacts is important for
mitigation drought consequences.
*Vegetation health(VH) method
applied to SNPP/VIIRS data greatly
improve drought watch & impact
assessment.

*The two images showing similar
patterns, indicate much more details
of drought/no drought areas along
the rivers: at the background of
drought (red) no drought (yellow and
green) is observed along the rivers
(western part of 1 km image).
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California Drought from USDM & VHI

June 2012 June 2013 June 2014 June 2015
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S-NPP/VIIRS Vegetation Health
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California Drought Dynamics & Economic Impacts in 2015
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SUMMARY

 VH algorithm requires NDVI & BT:
(a) Real time (from VIIRS)
(b) Climatology (from AVHRR)

e VIIRS/VH indices (VHI, VCI & TCl) are validated against AVHRR/VH
because AVHRR’s VH are validated against in situ data

* VIIRS/ NDVI & BT are different than AVHRR

* VIIRS/NDVI & BT are adjusted to AVHRR (in order to use
climatology)

 The adjustments are stable over time and correlation is strong
e FURTHER Development:

(a) New climatology from VIIRS
(b) High resolution VH
(c) New VH products
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Correlation: Yield anomaly (dY) vs VCI,

Kansas, USA
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Moisture & Thermal Condition
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World Grain Production-Consumption, 1970-2013
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2.5-day VH WEB view (May 4-6, 2015)

Page VWiews May 1-6, 2015
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Conclusions

2014 World Population 7.3 bil. Increases with Accelerating Rate;
World Grain Production Increases with Decelerating Rate

Grain supply drops below demands (in the 215t century 8 years out
of 15)

Severe Droughts - Reduces Global Grain Production 4-7% every 4-6
years; Moderate Drought — Reduces Grain 1-3% every 2-3 years

Satellite-based Vegetation Health (VH) Technology Provide Tools
for Drought Monitoring & 1-2 Month Advanced Prediction of its
Start/End, Area, Intensity, Duration and Impacts

VH Provide Prediction of Drought-related Crop & Pasture Losses:
(a) 1-2 Months in Advance of Harvest, (b) During ENSO years 3-
4 months prediction

Drought Area & Intensity has not Changed during the Period of
Strong Global Warming




VH-Drought Prediction from ENSO (3-6 months)
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NDVI-based Land Cover Change trend, 1982-2007

Percent Grenness Change during 1982-2007
___by Latitudinal Circles

ANNUAL

SUMMER
-20 -10 0 10 20 20 -10 0 10 2C
7 =
T |
|1 7
1 i
!
¥
g

Az

Decrease Increase
Decrease Increase



Cli

Yo |
a0 [

20

0

|mate Percent Land under Drought
mmw |, nJ] WM
.H . NMM

ED

40|

20

0 b
ED

40 [

20

Nnrtherl"l HEMISPHERE

J\W”\M’”Um /JM ﬂLnn. MM/\[\JLW
Mv‘ WAL AT YA

Snuthern HEI’H‘IISPHERE 7

" MMW\NE

0

J’\ mrmw\f whu
b MY A b

2000 2005 2010



Percent Drought-affected Grain Crop Area

'a
5

CHINA T seene

- Exifrerrie ar .d_' Exceptiornal

WWMMM lu,a.u HJﬂU

199@ 1995 ZDDD ZDD5 2515

R

40

SN

[

100

R

Y

<4

2

— s US.A.

- Extremie and Exceptiornal

|

ﬂhﬁih%‘; 1 .Jl p A b ',l J AL..LJIﬂ-J

T=225 T2 1925 o000 ZDD5 JELE N L

INDIA e

- Extremie a_nd_' Exceptiornal

,.J « JA}JHJJ N‘ a.‘u“ A,

1225 1= 192> ZDDD 2ODS i1 O




AVHRR Data for Land Use

Sensors Advanced Very High Resolution Radiometer (AVHRR)
Visible Infrared Imaging Radiometer Suite (VIIRS)

Satellites NOAA: NOAA-7, 9, 11, 14, 16, 18, 19
S-NPP > JPSS

Data Resolution Spatial -1, 4 (GAC), 8 & 16 km (GVI);
Temporal - 7-day composite

Period 35-year (1981-2015)
3.5-year (2011-2015)

Coverage World (75 N to 55 S)

Channels VIS , NIR , Thermal 50
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Figure 1. Vegetation health (from VHI) in August 2005 through 2014,




VALIDATION:
VHI VIIRS vs AVHRR
Sep 9, 2014

VIRS—VHI Sep. 9 2014 (week 36)
0
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Biomass vs VHI, Turkmenistan
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Winter Wheat Yield
Vinnitsa Obl. UKRAINE

T/Ha Independent Test
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Winter Wheat Yield
Odessa Obl. UKRAINE
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Vegetation Health data sources

Sensors Advanced Very High Resolution Radiometer (AVHRR)
Visible Infrared Imaging Radiometer Suite (VIIRS)

Satellites NOAA: NOAA-7, 9, 11, 14, 16, 18, 19
S-NPP > JPSS

Data Resolution Spatial -1, 4 (GAC), 8 & 16 km (GVI);
Temporal - 7-day composite

Period 35-year (1981-2015)
3.5-year (2011-2015)

Coverage World (75 N to 55 S)

Channels VIS, NIR, IR
Indices NDVI & BT
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