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Drought




Drought

A Drought is the most complex but least understood of all natural
disastersaffectingmore peoplethan other disaster

o SouthernAfrica suffered probably the worst drought in several
decadesand perhapsa century. Accordingto the International
Federation of Red Crossand Red Crescent(IFRC)at least 11
million peoplefacingfood shortages Grainproductionwasdown
30%acrosghe region

o In 2000, the Western U.S entered the beginning of what
scientistscall a megadroughtt the secondworst in 1,200 years
T triggeredby a combinationof a natural dry cycleand human
causedclimatechange



Drought

A Droughtdiffers from other natural disastersn three aspects

o duration and evolution (onset and end of drought ¢ difficult to
determine)

o droughtimpactsspreadoveralargergeographicaarea
o absenceof a preciseand universallyaccepteadefinition
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Drought Indices

A Sincethe beginningof the 20th century, drought indiceshave been
developed using as Iinput data precipitation, temperature, soll
moistureandwater availability

A Indicesare usedto provide quantitative assessmenbf the severity,
location,timing and duration of droughtevents

A Limitatiort obtaining data that representedthe entire area covered
by the phenomenon,whether due to the difficulty of obtaining a
densemeshof information or the extensionof the areasaffectedby

the drought



Drought Indices

Percent of Normal PrecipitationPNP
Deciles D

Normalized Precipitation IndexX\PI
SupplyDemand Drought IndexSDDI
National Rainfall IndexRI

Palmer Drought Severity IndefeDSI

Meteorological drought

Crop Moisture Index CMI

CropSpecific Drought IndexCEDI

Surface Water Supply IndesSWSI Agricultural drought
Dependable RainsDR

Dry Conditions and Excessive Moisture Indei/

Palmer Hydrological Drought IndeRHDI
Surface Moisture Drought IndexsMDI
Reclamation Drought IndexkDI
KeetchByram Drought IndexKBDI

Standardized Precipitation IndesPI Socioeconomic drought

Hydrological drought



Use of Remote Sensing for Drought

A Droughtis hardly directly detectedin an Earth observationsatellite
Image It is usuallyidentified throughindexesor products

A Changesin vegetation cover detected by remote sensingin the
spatial and temporal domain have been used as indicators of

drought

A Usingorbital Earthobservationsensorsijt is possibleto developand
adapttechniquesto identify, monitor and quantify drought,andthus
better understandcharacteristicssuch as severity, event onset and
spatialextent.



The NOAA-AVHRR images-derived and meteorological-measured drought-indices

Drought indices Formula® Source and reference
- (1) Normalized Difference NDVL. — (NRy—Ry) Ji & Peters, 2003;
ro u g n Ices Vegetation Index (NDVT) ‘ "= (NIR; + Rye) Tucker. 1979; Tucker & Choudhury. 1987
(2) Anomaly of Normalized NDVIA; = NDVI,~NDVl, Anyamba et al, 2001

Difference Vegetation Index (NDVIA)

) ' X SVie~ (NDVIw~NDVI, ) ;
(3) Standardized Vegetation —NDVI, Liu & Negron-Juarez, 2001

Index (SVI) Peters et al., 2002

(NDVlg ~NDVL, min)

(4) Vegetation Condition VCly, - Kogan, 1990, 1995, 1997, 2000
Index (VCI) (NDVI, ey “NDVI, )
o (BT, max =BT ) . .
(5) Temperature Condition TCly = -—B—T—-?f——T Kogan, 1995, 1997, 2000
Index (TCI) (B s =B 4 n)
(6) Vegetation Health VH,; = 0.5 VClz + 0.5 TCle Kogan, 1997, 2000, Kogan et al_, 2004
Index (VH)
(7) Ratio between LST and LST,./NDVI Kamieli & Dall’Olmo, 2003:
NDVI (LST/NDVI) Lambin & Ehrlich, 1996;

McVicar & Bierwirth, 2001
(8) Drought Severity )
Index (DSI) DSl = ALST;; ~AANDVI;:

ALSTy = (LST, ~LSTy)/oLSTy

Bayarjargal et al.. 2000

A comparativestudy of NOAAAVHRR AN = (L TN ) Ty

(9) Palmer Drought Severity Dai et al, 2004; Palmer, 1965;

derived drought indicesusing change Index (PDSI) PDSI,e = PDSI{j~14 National Drought Mitigation Center, 2003
vectoranalysis 2 0103 PDSI 4 [}

Bayarjargaét al., 2006

*NIR . and R, — reflectance values at the near-infrared (channel 2) and red (channel 1) wavelengths of NOAA-AVHRR., respectively, for pixel i during month ; for

Remote Sensmgof Environment,105 year k. Note that j can be also referred to 8-day (e.g. MODIS data), 10-day (e.g. PAL AVHRR), 14-day (1 km AVHRR). 16-day (1 km MODIS), depending on the time
(200@ intervals of data sets.

NDVI1,; — monthly NDVI for pixel / in month j for year k.
p.9¢22 NDVI, — multiyear average NDVI for pixel i in month .

oNDVI,; — standard deviation of NDVI for pixel i in month ;.

NDVI, ju, and NDVI, .., — multiyear minimum and maximum NDVI, respectively. for pixel 7.

BT, — brightness temperature at channel 4 for pixel / in month ; for year k.

BT, min and BT, ,,,, — multiyear minimum and maximum brightness temperature, respectively, for pixel i.
LST,; — land surface temperature for pixel / in month ; for year &

LST, — multiyear average LST for pixel / in month ;.

oLST,; — standard deviation of LST for pixel 7 in month ;.

PDSI and PDSI,_;; — monthly PDSI for pixel { for year & in a current month ; and previous month j - 1.
Zyx — monthly moisture status for pixel / in month ; for year k.




UN-SPIDER Recommended Practice for Drought Monitoring

@ UNITED NATIONS English Espafel Francais |

un-srier KNOWLEDGE PORTAL

arch...
Space-based information for Disaster Management and Emergency Response e Q

Home Space Application Risks & Disasters Links & Resources Advisory Support Network Projects News & Events About Us

Howornar Recommended Practice: Drought BT 7
monitoring using the Standard Vegetation ceoera/
Index (SVI) & ‘g

R~ E)
2 5
Drought monitoring is an important component in 47-‘ 3
drought early waming systems. This practice shows G ea
how to monitor the impacts of meteorological drought 2 >
on natural vegetation using MODIS optical sateliite S
imagery. The practice has been developed in the
context of the SEWS-D project. It is similar to the Related Practices
practice developed by the Iranian Space Agency but it
proposes the use of a different index (SVI instead of Recommended Practice:
VCI). The practice was developed by the Universidad Drought monitoring using the
Federal de Santa Maria (UFSM) in Brasil. (The above image shows the standard vegetation index Vegetation Condition Index

based on EVI for El Salvador on 28 July 2014.) (VCI)



UN-SPIDER Recommended Practice for Drought Monitoring

Step by Step: Drought monitoring using the Standard Share this page

Vegetation Index (SVI) [ @ Share 2 |

¥ Twitter

Back to overview In Detail

Data Access:

The step-by-step procedure for drought monitoring using the Standard Vegetation Index (SV1) is available to follow using R-Studio
and Python. These two methods were developed to give the user flexibility to choose which of the open source tools is more
practical and convenient.

Please click on the icons below to see the corresponding step-by-step procedure.

R @, python'
S

Google Earth Engine

Script for large areas



UN-SPIDER Recommended Practice for Drought Monitoring

MODIS PRODUCT

EVI Pixel reliabiligy
Band Math
______________ ¥ o e e e
EVI mean EVI standardleviation
______________ 4---——————-———-=-
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Standart Vegetation Index

BECNCOCONEN

<-2.0stdv

-2.0 a-1,5stdv
-1,5 a-1,0stdv
-1,0a 1,Gtdv

1,0a 1,5tdv
15a 2,Gtdv
> 2 0stdv



15

-20

-25

Multitemporal analysis of drought in Mozambique

SVI (EVI) sample 129 2008 SVI (EVI) sample 129 2009 SVI (EVI) sample 129 2010

BEONCOCONEN

<-2,0stdv
-2,0 a-1,5stdv
-1,5 a-1,0stdv
-1,0a 1,3tdv
1,0a 1,5tdv
15a 2,Gtdv
> 2,0stdv



Multitemporal Analysis of Drought in Mozambig@®05

SVI (EVI) sample 001 2005 SVI (EVI) sample 017 2005 SVI (EVI) sample 033 2005 SVI (EVI) sample 049 2005 SVI (EVI) sample 065 2005 SVI (EVI) sample 081 2005 SVI (EVI) sample 097 2005 SVI (EVI) sample 113 2005

SVI (EVI) sample 129 2005 SVI (EVI) sample 225 2005 SVI (EVI) sample 241 2005

-15

15
15

SVI (EVI) sample 289 2005

-15

el v s s B <-2,0stdv

' B -2,0 a-1,5stdv
[J-1,5 a-1,0stdv
[J]-1,0a 1,6Gtdv
[ 10a 1,5tdv
Il 15a 2,6tdv
I > 2,0stdv

-15

=25
|




Multitemporal Analysis of Drought in Mozambig@©08

[ | <-2,0stdv
I -2,0 a-1,5stdv
[-1,5 a-1,0stdv
1-1,0a 1,&Gtdv
@ 1,0a 1,5tdv
B 15a 2,6tdv
I > 2,0stdv



