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Types of Drought Types of Drought 
(by American Meteorological Society)(by American Meteorological Society)

•• MeteorologicalMeteorological oror climatologicalclimatological droughtdrought isis generallygenerally regardedregarded asas

precipitationprecipitation beingbeing lowerlower thanthan averageaverage forfor somesome timetime periodperiod;; inin

somesome casescases airair temperaturetemperature andand precipitationprecipitation anomaliesanomalies maymay bebe

combinedcombined..

•• AgriculturalAgricultural drought,drought, occursoccurs whenwhen plantplant availableavailable water,water, fromfrom

precipitationprecipitation andand waterwater storedstored inin thethe soil,soil, fallsfalls belowbelow thatthat requiredrequired

byby aa plantplant communitycommunity duringduring aa criticalcritical growthgrowth stagestage.. ThisThis leadsleads toto

belowbelow averageaverage yieldsyields inin bothboth pastoralpastoral andand graingrain--producingproducing regionsregions..

•• HydrologicHydrologic droughtdrought isis generallygenerally defineddefined byby oneone oror aa combinationcombination ofof

factorsfactors suchsuch asas streamstream flow,flow, reservoirreservoir storagestorage andand groundwatergroundwater..

•• SocioeconomicSocioeconomic impactsimpacts ofof droughtdrought isis defineddefined inin termsterms ofof lossloss fromfrom

anan averageaverage oror expectedexpected returnreturn.. ItIt cancan bebe measuredmeasured byby bothboth socialsocial andand

economiceconomic indicators,indicators, ofof whichwhich profitprofit isis onlyonly oneone..
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(From Wilwhite, 2005)(From Wilwhite, 2005)
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Drought indicators and indicesDrought indicators and indices

•• BasedBased onon meteorologicalmeteorological andand hydrologicalhydrological variablesvariables
(precipitation,(precipitation, streamflows,streamflows, soilsoil moisture,moisture, reservoirreservoir
storage,storage, andand groundwatergroundwater levels)levels)..

•• DescribeDescribe thethe magnitude,magnitude, duration,duration, severity,severity, andand
spatialspatial extentextent ofof droughtdrought..

•• Estimate,Estimate, monitormonitor andand assessassess ofof droughtdrought usingusing oneone
singlesingle numbernumber..

•• SeveralSeveral indicatorsindicators cancan bebe alsoalso synthesizedsynthesized intointo aa

singlesingle indicatorindicator onon aa quantitativequantitative scalescale..
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Commonly used drought indices Commonly used drought indices 

based on conventional databased on conventional data

12. Reclamation Drought Index.12. Reclamation Drought Index.

13. Total water deficit.13. Total water deficit.

14. Cumulative streamflow   14. Cumulative streamflow   

anomaly.anomaly.

15. Computed soil moisture.15. Computed soil moisture.

16. Soil Moisture Anomaly Index.16. Soil Moisture Anomaly Index.

17. Drought Indices derived from 17. Drought Indices derived from 

flow dataflow data

18. Agro18. Agro--Hydro Potential.Hydro Potential.

19. Standardised Water19. Standardised Water--Level IndexLevel Index

20. Reconnaissance Drought Index20. Reconnaissance Drought Index

21. Streamflow Drought Index21. Streamflow Drought Index

1.1. Percent of normal.Percent of normal.

2. Discrete and cumulative  2. Discrete and cumulative  

precipitation anomalies.precipitation anomalies.

3. Rainfall deciles.3. Rainfall deciles.

4. Drought Area Index.4. Drought Area Index.

5. Rainfall Anomaly Index.5. Rainfall Anomaly Index.

6. Standardized Precipitation Index.6. Standardized Precipitation Index.

7. Effective Drought Index.7. Effective Drought Index.

8. Palmer Drought Severity Index. 8. Palmer Drought Severity Index. 

9. Crop Moisture Index.9. Crop Moisture Index.

10. Bhalme10. Bhalme-- Mooley Drought Index.Mooley Drought Index.

11. Surface Water Supply Index11. Surface Water Supply Index
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Commonly used drought indices Commonly used drought indices 

based on satellite databased on satellite data

1.1. Normalized Difference Normalized Difference 

Vegetation Index.Vegetation Index.

2. Deviation NDVI index.2. Deviation NDVI index.

3. Enhanced Vegetation Index.3. Enhanced Vegetation Index.

4. Vegetation Condition Index.4. Vegetation Condition Index.

5. Monthly Vegetation 5. Monthly Vegetation 

Condition Index.Condition Index.

6. Temperature Condition 6. Temperature Condition 

Index.Index.

7.7. Vegetation Health Index.Vegetation Health Index.

8.8. Normalised Difference Normalised Difference 

Temperature Index.Temperature Index.

9.   Crop Water Stress Index.9.   Crop Water Stress Index.

10. Drought Severity Index.10. Drought Severity Index.

11. 11. TemperatureTemperature-- Vegetation Vegetation 

Dryness Index.Dryness Index.

12. Normalized Difference 12. Normalized Difference 

Water Index.Water Index.
�� They are calculated from the reflectance in different bands and may be obtained for each pixel, They are calculated from the reflectance in different bands and may be obtained for each pixel, 

derived from AVHRR, MODIS and other satellite data.derived from AVHRR, MODIS and other satellite data.

University of Thessaly University of Thessaly Laboratory of AgrometeorologyLaboratory of Agrometeorology



University of Thessaly University of Thessaly Laboratory of AgrometeorologyLaboratory of Agrometeorology



ObjectivesObjectives

•• Spatially distributed drought estimation Spatially distributed drought estimation 

•• Use of Remote Sensing  and GISUse of Remote Sensing  and GIS

•• Extent of a conventional drought index by the use of Extent of a conventional drought index by the use of 

remotely sensed dataremotely sensed data

•• Estimation and comparison of two types of drought Estimation and comparison of two types of drought 

indices indices 

•• AssessmentAssessment of cotton production during drought of cotton production during drought 

yearsyears
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Study AreaStudy Area

The study is the Thessaly water district, The study is the Thessaly water district, 

central Greece.central Greece.
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Data SetData Set

Satellite DataSatellite Data
•• Monthly Brightness Temperature (BT) from channels 4 and 5 of Monthly Brightness Temperature (BT) from channels 4 and 5 of 

NOAA/ AVHRR satellite of 21years (1981NOAA/ AVHRR satellite of 21years (1981--2001), 8x8 km 2001), 8x8 km 
spatial resolution.spatial resolution.

•• Monthly NDVI images for the same time period and pixel size.Monthly NDVI images for the same time period and pixel size.

•• Monthly air temperature extracted by LST imagesMonthly air temperature extracted by LST images

Ground measurementsGround measurements
•• Daily precipitation of Thessaly water district in 50 x 50 km grid Daily precipitation of Thessaly water district in 50 x 50 km grid 

size.size.

University of Thessaly University of Thessaly Laboratory of AgrometeorologyLaboratory of Agrometeorology



Drought IndicesDrought Indices

•• Reconnaissance Drought Index (RDI)Reconnaissance Drought Index (RDI)

Estimate Meteorological Drought conditions based on hydroEstimate Meteorological Drought conditions based on hydro--

meteorological parameters.meteorological parameters.

•• Vegetation Health Index (VHI)Vegetation Health Index (VHI)

Agricultural Drought asses using vegetation conditions satellite images.Agricultural Drought asses using vegetation conditions satellite images.
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Reconnaissance Drought Index Reconnaissance Drought Index 
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yk is the lnak , yk (upper line) is its arithmetic mean 

and  σk is its standard deviation

ak = the initial value for the index (For October ak = 1) and is calculated by:
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1 Pj and PETj are the precipitation and potential 

evapotranspiration respectively of the j-th month of the 

hydrological year. 



RDI Drought classesRDI Drought classes
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Drought Categories RDI Values 

Extremely Wet >2.00 

Very Wet 1.50 to 1.99 

Moderately Wet 1.00 to 1.49 

Near Normal -0.99 to 0.99 

Moderately Dry -1.00 to -1.49 

Severely Dry -1.50 to -1.99 

Extremely Dry <-2.00 



RDI methodologyRDI methodology

•• Land Surface Temperature (LST) calculation from channels 4 Land Surface Temperature (LST) calculation from channels 4 

and 5 of satellite.and 5 of satellite.

•• Air temperature extraction from LST images using air Air temperature extraction from LST images using air 

temperature data from meteorological stations.temperature data from meteorological stations.

•• Estimation of potential evapotraspiration (ETEstimation of potential evapotraspiration (ETpp) with Blaney) with Blaney--

Criddle method.Criddle method.

•• Combination of precipitation maps derived from ground Combination of precipitation maps derived from ground 

measurements with ETmeasurements with ETpp maps for RDI extraction.maps for RDI extraction.
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LSTLST

LST extraction for the whole timeseries (1981LST extraction for the whole timeseries (1981--2001) in 8 x 8 km pixel size2001) in 8 x 8 km pixel size
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Air Temperature estimationAir Temperature estimation

•• Empirical relationship between LST and air temperature (TEmpirical relationship between LST and air temperature (Tairair) ) 

(R(R22 ≈ 0.82)≈ 0.82)::

TTairair = 0,6143 * = 0,6143 * LSTLST + 7,3674+ 7,3674
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ETETpp BlaneyBlaney-- CriddleCriddle

ΕΤp = k * [0.46T+8.16]*p 

Estimation of ETp by the Blaney-Criddle method:

ETp is the monthly potential evapotranspiration in mm, k is the monthly crop coefficient, 

T is the mean monthly air temperature (o C) and p is the percentage of  day hours

� The Crop coefficients k are calculated for each different vegetation type of 

the study area based on Corine Hellas 2000 and for each month of the year.

� Extract day hours percentages (p) maps for every month for the region 

middle Latitude (39o).

�Both k and p maps are extracted in GIS environment (ArcMap 9.1).
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Remotelly sensed ETp BlaneyRemotelly sensed ETp Blaney--

CriddleCriddle
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ETp map of January 1982 ETp map of July 1982



Extraction of monthly rainfall maps based on conventional daily data in 50 

x 50 km grid size from 1981 to 2001.

University of Thessaly University of Thessaly Laboratory of AgrometeorologyLaboratory of Agrometeorology

Precipitation maps

Precipitation map for January 1984



RDI mapsRDI maps
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9-month RDI s t for Larissa station (1949-2007)
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12-month RDI st for Larissa station (1949-2006)

-3

-2

-1

0

1

2

3

1
9

4
9

-5
0

1
9

5
3

-5
4

1
9

5
7

-5
8

1
9

6
1

-6
2

1
9

6
5

-6
6

1
9

6
9

-7
0

1
9

7
3

-7
4

1
9

7
7

-7
8

1
9

8
1

-8
2

1
9

8
5

-8
6

1
9

8
9

-9
0

1
9

9
3

-9
4

1
9

9
7

-9
8

2
0

0
1

-0
2

2
0

0
5

-0
6

Years

R
D

I 
v

a
lu

es

Oct-Sep

3-month RDI st for Larissa station (1949-2007)
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Drought Events in Larissa StationDrought Events in Larissa Station

Drought events in Larissa station (2000-01)
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Drought events in Larissa station (2001-02)
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Drought events in Larissa station (2003-04)
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Drought events in Larissa station (2006-07)
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Vegetation Health Index (VHI)Vegetation Health Index (VHI)

•• Kogan (2001) proposed the VHI which and used it for Kogan (2001) proposed the VHI which and used it for 

agricultural drought mapping.agricultural drought mapping.

•• VHI is expressed by the following equation:VHI is expressed by the following equation:

•• VHI represents overall vegetation health.VHI represents overall vegetation health.

)(*5.0)(*5.0 TCIVCIVHI +=

VHI VALUESVHI VALUES VEGETATIVE DROUGHT CLASSESVEGETATIVE DROUGHT CLASSES

<10<10 Extreme droughtExtreme drought

<20<20 Severe droughtSevere drought

<30<30 Moderate droughtModerate drought

<40<40 Mild droughtMild drought

>40>40 No droughtNo drought

VHI drought classification schemes (Kogan, 2001)VHI drought classification schemes (Kogan, 2001)
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Vegetation Condition Index (VCI)Vegetation Condition Index (VCI)









⋅=

minmax

min
100

-NDVINDVI

NDVI-NDVI
VCI

VCI:VCI:

•• is an extension of the NDVIis an extension of the NDVI

•• provides a quantitative estimation of weather impact on vegetation provides a quantitative estimation of weather impact on vegetation 

•• is based on the concept of ecological potential of an area given by is based on the concept of ecological potential of an area given by 

geographical resources such as climate, soil variation, vegetation geographical resources such as climate, soil variation, vegetation 

type and quantity, and topography of the areatype and quantity, and topography of the area

•• characterises the moisture conditions of vegetationcharacterises the moisture conditions of vegetation..
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ChannelsChannels Wavelength (Wavelength (µµm)m) BandBand IFOV (km)IFOV (km)

1  1  0.55 0.55 –– 0.90.9 Visible (VIS)Visible (VIS) 1.11.1

22 0.725 0.725 –– 1.01.0 Near Infrared (NIR)Near Infrared (NIR) 1.11.1

33 3.55 3.55 –– 3.933.93 Middle Infrared (MIR)Middle Infrared (MIR) 1.11.1

44 10.3 10.3 –– 11.311.3 Thermal Infrared (TIR)Thermal Infrared (TIR) 1.11.1

55 11.5 11.5 –– 12.512.5 Thermal Infrared (TIR)Thermal Infrared (TIR) 1.11.1

Advanced Very High Resolution Advanced Very High Resolution 

RadiometerRadiometer

TheThe AdvancedAdvanced VeryVery HighHigh ResolutionResolution RadiometerRadiometer (AVHRR)(AVHRR) isis

aa broadbroad--band,band, fourfour oror fivefive channelchannel (depending(depending onon thethe model)model)

scannerscanner..
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Normalized Difference Vegetation IndexNormalized Difference Vegetation Index

FromFrom NOAA/AVHRRNOAA/AVHRR datadata NDVINDVI isis givengiven byby thethe followingfollowing equationequation::

12

12

CHCH

CHCH
NDVI

+

−
=

LAND COVERLAND COVER NDVINDVI PIXEL VALUEPIXEL VALUE
(0(0--255 gray scale)255 gray scale)

Dense VegetationDense Vegetation 0.5000.500 210210

Intermediate Green VegetationIntermediate Green Vegetation 0.1400.140 118118

Sparse VegetationSparse Vegetation 0.0900.090 105105

Bare SoilBare Soil 0.0250.025 8888

CloudsClouds 0.0020.002 8383

Snow and IceSnow and Ice --0.0460.046 7070

Water SurfaceWater Surface --0.2570.257 1616
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Temperature Condition Index (TCI)Temperature Condition Index (TCI)










−

−
⋅=

minmax  

max100
BTBT

BTBT
TCI

�� TCITCI isis anan index,index, whichwhich showsshows thethe impactimpact ofof temperaturetemperature ofof thethe

groundground..

�� TCITCI characterisescharacterises thethe thermalthermal conditionsconditions ofof vegetationvegetation..

�� VCIVCI andand thethe TCITCI variesvaries fromfrom zero,zero, forfor extremelyextremely unfavorableunfavorable

conditions,conditions, toto 100100,, forfor optimaloptimal conditionsconditions..
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Vegetation Health Index (VHI)Vegetation Health Index (VHI)

April 1985April 1985 June 1985June 1985May 1985May 1985

July 1985July 1985 September 1985September 1985August 1985August 1985
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Vegetation Health Index (VHI)Vegetation Health Index (VHI)

October 1991October 1991 December 1991December 1991November 1991November 1991

January 1992January 1992 March 1992March 1992February 1992February 1992
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October 1998October 1998 December 1998December 1998November 1998November 1998

October 1999October 1999 December 1999December 1999November 1999November 1999
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July 2000July 2000 September 2000September 2000August 2000August 2000

October 2000October 2000 December 2000December 2000November 2000November 2000
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Indices comparisonIndices comparison

Comparison of RDI and VHI values in Larisa station for three different indicative 

years (1985, 1991, 1997) selected of the data set.

� RDI is calculated in annual basis while VHI is estimation in monthly basis.
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Drought for Sequential Years In Larissa StationDrought for Sequential Years In Larissa Station

Frequency of Drought events in Larissa Station

(1949-2006)
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Drought Severity Classification LarissaDrought Severity Classification Larissa

Drought Severity Classification Larissa (1949-2006)
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Cotton Production time series Cotton Production time series 
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AREA/

PRODUCTION
1993 1994 1995 1996 1997

KARDITSA +10,5% +18,4% +13,5% -37,3% -5,5%

LARISA -3,1% +34,2% -14,1% -9,5% -7,5%
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ConclusionsConclusions

�� Remote sensing and GIS are useful tools for the study of Remote sensing and GIS are useful tools for the study of 
spatial and temporal variability of drought indices.spatial and temporal variability of drought indices.

�� Both indices indentify the dry and wet events in the area.Both indices indentify the dry and wet events in the area.

�� The RDI and VHI are examined in different time scales.The RDI and VHI are examined in different time scales.

�� Differences in drought intensities may be caused by vegetation Differences in drought intensities may be caused by vegetation 
conditions in the irrigated areas.  conditions in the irrigated areas.  

�� There is relationship between drought years and cotton There is relationship between drought years and cotton 
production, although crops are irrigated.production, although crops are irrigated.
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