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Introduction

Differences with other extreme meteorological events:

1. Onset & end of a drought are difficult to determine (currently
the least predictable)

2. No universal definitions: quantification of impact and provision
for relief far more difficult

3. Greatest detrimental impact in the 20t century. Often on a large
scale & 15t for number of people affected

4. Human activities can directly trigger a drought: overfarming,
excessive irrigation, deforestation, over-exploitation of available
water, erosion



Introduction (cont.)

NASA'’s Earth Observatory

- Agricultural drought: soll lacks
moisture that a specific crop would
need at a specific time

- Meteorological drought: negative
deviations of long-term
precipitation from the norm

- Hydrological drought: lack of
sufficient surface and subsurface »
water supplies



Introduction (cont.)

- Soclo-economic drought: water scarcity starts
affecting people’s lives




1, Introduction

Introduction (cont.)

Source: National Drought Mitigation Center http://www.drought.unl.edu/
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Introduction (cont.)
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Methods & Indicators

l A. Short— and Long-term
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Drought Risk Analysis Framework. (After: Hayes er al 2004)




Methods & Indicators (cont.)

- Assessment of drought conditions is more accurate when the variable of
Interest is measured in situ

- ldeally, ground stations would be uniformly located and closely spaced in
order to get the best information

- Costs associated with a dense spatial coverage are high (economic &
human resources availability)

- Existing literature suggests several methods that have been developed to
measure different types of drought

- Drought indicators can be divided into two main categories: ground-
based or satellite-based, depending on their derivation



Methods & Indicators (cont.)

Ground-based Indicators

(1Meteorological drought: Palmer Drought Severity Index (PDSI), Standard

Precipitation Index (SPI), Deciles

UAgricultural drought : Crop Moisture Index (CMI)

tiHydrological drought : Palmer Hydrological Drought Severity Index (PHDSI),

Surface Water Supply Index (SWSI)



Methods & Indicators (cont.)

Satellite-based Indicators:
Rainfall Estimate (RFE), Water Requirement Satisfaction Index (WRSI)

Persendt (2009) divides satellite-based drought indicators into three groups:

(i) State of the vegetation, extrapolated using the reflective channels:
Normalized Difference Vegetation Index (NDVI), Vegetation Condition Index (VCI)

(i) Surface brightness temperature, extrapolated from the thermal channels:
Temperature Condition Index (TCI)

(iif) Combination of (i) and (ii):

Ratio between Land Surface Temperature (LST) and NDVI, Vegetation Health Index
(VHI)



Extreme Value Analysis

The extreme value theory deals with the modeling of extreme
observations

1. Block Maxima: Generalized Extreme Value (GEV) distribution
to model values found in the tails of the distribution of
observed values

2. Peak-over-threshold (POT): Generalized Pareto Distribution
(GPD) to model all observations exceeding a certain
threshold



Extreme Value Analysis (cont.)

Block Maxima/Minima: maxima/minima over a pre-defined time frame
(e.g. weeks, months, years, etc.)

GEV distribution

Temperature
Density

Values

Pros: Cons:
- It does not require threshold calibration - Some data is not used
- Less autocorrelation (compared to POT)



Extreme Value Analysis (cont.)

Peak-over-threshold (POT): values exceeding a pre-defined
threshold

Pareto distribution
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Pros: cons:
- All data is used - Sensitive choice of threshold

- It allows user to choose a threshold



Extreme Value Analysis (cont.)

- From fitted distribution we can estimate how often the
extreme quantiles occur with a certain return level

- Return Levels: defined as values that are expected to be
equaled or exceeded on average once every interval of time (T)
(with a probability of 1/T)

Example:

Block maxima approach & Time series made of yearly maxima
Time (return period): 10 years
Return Levels:

10-year return levels are values expected to be equaled or exceeded on
average once every 10 years (1/10 = 10% probability)
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Custom Toolbox

The R software for Statistical Computing

PROS:

» Free and open source

» Native cross-platform and 64-bit support

» Huge community, brilliant developers (1500+ projects on R-Forge, 4500+
available packages on CRAN)

» Lots of packages to handle geospatial data: rgdal, maptools, raster,
RgoogleMaps, plotKML, OpenStreetMap, RPyGeo, sp, splancs, spatstat,
and many more!

CONS:

* Not as efficient and fast compared to lower-level languages (or even
Python)

« Memory performance and big data handling (Revolution R improves this)




Custom Toolbox
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Credits: resources.arcgis.com

Contents | Freview | Description |

Marme Type

EdDec Folder
& pics Folder
B Seratch Folder
£l 5cripts Folder

Folder
g
U @Gridded BExtremes.tbx Toolbox

\ = ﬁ Grnidded Extremes

&' Block Maxima (R Version) <—— Custom N0} Script
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Custom Toolbox i ﬁ@

Sneak Peek

def MlockMaxima () : Read arguments from script tool
fiff Gec User Provided Inpucs fEff
inputWarkSpace = ARCPY.GetParameterfAaText (0) /
outputWorkSpace = JNRCPY.GecParamecerfislexc (1)

rperiods = ARCPY.GetParameterfAaText (7))
rpariods = [=rcr(i) for i in rperiods_splic{":")]

rperigda = ":".join(zperiada) Y
useMinima = RRCPY.GecParamecerhaText {3)
uaeConfint = ARCPY.GetParameterAATEXE (9) Set arguments and exeCUte R Command

useCoeff = ARCPY. GecParamecerhsText (5) fiff Creace B Command FEEf

I pySeripe = 3¥S.azgv([0]
pgthun toolDiy = OS.path.dirnams (DYSCEADT)

ESCLipt = O5.path.join(toolDir, "UlockMaxims.r™}
ARCPY . SecProgreasar ("defauln?, "Fxsmucing R Soripe. .. 7)
acgs = ["R", "==glave"™, "==yvanilla", "==apga", r¥cript, inpucWorkIpacs,

outputWorkSpace, rperigds, usaMinima, useConfint, useCo=ff]

Read args from console

§§8i Tneomment Merr Twe Lines te Princ/Creane Comsmand Line Arga §&d&

£88% Get Argqumenta S£EE imd = BARC.createRComnmand (arga, r3cript)
Arge <= commandirgs(} PARCEY . hddWarning (=)

HE¥guree « AFgal=1 E

inputWork3pace «= Rrgs[£] ##¥¢ Execuce Command #3454

seriprSourcs = nirser ‘i
cutputWerksSpace €= Argal ] JCTIPTSOUTCE @ OpEn (T-CT1PT, 1

rpericds <= Args[0]
ugeMinima <- Af8.inceger(Args[=])
uarConfInt <- as.integer{Aogs[i0])

flommand = 3UB.Popenfacgs,
ardin = scriptSource,
sTtdout = SUN_FLFE,
acderr = SOR.FIFE,
useloeflf == as.integer{hg=[11]} shell=True)



Custom Toolbox (cont.)

=
- et e

1%

bt Warkacy | Block Maxima (R Version)

o i Crewrt o nequance of Lemporal fnstes ssuge. B
* T Togd nyny The bigok srquoimy (manena) sppecach
pedar 50 caicutate feNwen bivels Y B dadaned
Tphum P (e pame e it ol e ot dais) isien panod(s] The scnpt fool uses exiene R

mn

Lot || cocat | [emmmons || comart | [ meunee |




4, Custom 1001b0oX

Custom Toolbox (cont.)

Y
L HRIIE

| Block Maxima (R Versien)

it 8 Ny ol lemporal taitee it
Dt Tioger oot ngns The Hiock enpomy (maneTg) np-p:nur:h Ll
pedar 50 caicutate feNwen bivels Y B dadaned
- of e g dais)

Eighum Peried (e mduen panodis] The scnpt fool uses xdena B
seodtwinii dnutings for ol calsulations

15

Specify the path to a folder with all your
raster images (read tool documentation to
check for accepted raster formats!)

Lo || conl | et | | ccmsrse | [ e |
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Custom Toolbox (cont.)
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| Block Maxima (R Versien)

Cewri 0 neg of temporal faster suges. S
gt nans ihe binck spsma (menema) approach
order b0 calodate metwn bevels R e deaned
s Lt o e it el mduen panodis] The scnpt fool uses xdena B
seoftwanh ivulings fof all caliulastaons

Specify the path to a folder where you want
to save the tool output

Lot || cocat | [emmmons || comart | [ meunee |
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Custom Toolbox (cont.)

= R Version)
bt Warkacy | Biock Maxima (R Version)

Cewri 0 neg of temporal faster suges. S
Tog nym ihe ook maeme (manema) appRach o
oedar b0 caloddate efun brvels By e dasoned
-l | > rutuen panoce) o it tool Uses extinad R
Softwive 10ubnd s for ab calculatont

Type one or more return periods for which
you want to calculate the corresponding
return levels
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4, Custom Toolbox

Custom Toolbox (cont.)

ety |-|-.'i'i

| Block Maxima (R Versien)

Cewri 0 neg of temporal faster suges. S
gt nans ihe binck spsma (menema) approach
teder 10 caloatate nefun bvels B SR deared
Bipturn Pevied [use aame e it ol e imput dais) mduen panodis] The scnpt fool uses xdena B
seoftwanh ivulings fof all caliulastaons

B el Variomacy

o Dt Srogetr

mn

Check this if you are working with minima
instead of maxima

Lot || cocat | [emmmons || comart | [ meunee |



Custom Toolbox (cont.)

fersion) |
bt Warkacy | Biock Maxima (R Version)

Cewri 0 neg of temporal faster suges. S
gt nans ihe binck spsma (menema) approach
teder 10 caloatate nefun bvels B SR deared
Bipturn Pevied [use aame e it ol e imput dais) mduen panodis] The scnpt fool uses xdena B
seoftwanh ivulings fof all caliulastaons

o Dt Srogetr

mn

Check this if you want the script to calculate
the confidence intervals for each return
level

Lo || conl | et | | ccmsrse | [ e |



m Toolbox (cont.)
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| Block Maxima (R Versien)

B el Variomacy

Cewri 0 neg of temporal faster suges. S
o0t yns The binck emgoomy (minema) appeoach i
teder 10 caloatate nefun bvels B SR deared
Bihum Prried [une same e unt of e imput daia) teduen panod(s] Tha script (ool uses el B
softwihh ioutings for all Caloulatans

o Dt Srogetr

15

N

Check this if you also want in output the
maximum likelihood estimates (MLES) of the
model parameters for each pixel (as .shp)

Lo || conl | et | | ccmsrse | [ e |



Custom Toolbox (cont )
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Custom Toolbox (cont.)

Run as a geoprocessing task in the background. Preferred if you need to keep
working in ArcGIS while running the tool

"B

rk Maxima [N VeraioG 716232 140.995 Unknown Units

T T e
. RE ;
...after completion Qe é,mm u?:ﬁ '




Custom Toolbox (cont.)

Run as a geoprocessing task in foreground. Preferred if you want to see all

messages (and possible warnings/errors) while running the tool
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Custom Toolbox (cont.)

Example: maximum monthly temperature from 2000 to 2002, LA-San Diego area.
2.5 arcmin (~ 4 km)

 Source: © 2011, PRISM Climate Group “PRISM Climate Group, Oregon State
University, http://prism.oregonstate.edu”. Not for commercial purposes!

» Test data comes with the toolbox (folder “ToolData™)

» Total of 36 images (36 months). NOTE: Quite small for asymptotic models; use
longer time series to avoid unreliable/unstable estimates

GEW distribution



http://prism.oregonstate.edu/

Custom Toolbox (cont.)
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Custom Toolbox (cont.)

Execucing: BlockMaxima =*Crh\Taera’foonini’Documenca’\My n.-nplm:".,Tﬂm'l,Flr.-ll-n'r\a:h"\,r.!iﬁ'.l'_'l:ll'._:'n]ﬂ-\H}rﬂrnughtTnn] &
WIaclData™ "C:\Usara) feonini\Document s'\My Despbox\TODD\Fessarch\ESRI UL 201 MyDrouagheTeol\ToolDatakoue™
102100 !iﬂ_l"'."['l']'.l'l"‘_ﬂ. HHE_T.‘ITE]].‘:‘ITJE 'I"ITIE_T].'P:]'.!

—E&ET Time: Tho Jun 20 11:235:35 2013

RBunning script BlockMaxgima...

Loading Libraries. ...

s WVWPREERA~ 1WA WR=215~1 .. /Ein/m6d/Reerm. ege ==slave ==vanilla ==arga C:WwWHasra'wIionioi\iDocumentsh Wy
Drﬂpbnu"-.'l._IlJIlEI'\-."-.Re:lcu:e]-.".,'xISHI_'DE_Jl:lllhu{ﬁ;nzuuuhtl'ﬂul"._'a_li:zip::l"-.‘l.lEll-E-l:n{um-: Sy Taera' W froninih\ Depumenta
YViMy DeepbaxyWTODCY\ResearcshWA\ESRI UC 2013\MyDrougheToeol\WToclData C:\\Ueers'\ LfooniniviDocusmene sy WMy
nrﬂp:hn!"-.'i._'EﬂT.ﬂ‘.,\.ﬁrﬂrnrf:‘h".,".,IEHT_ﬂE_?D].1-"._".,|'-:yrr1-m||;hr.Tnn1"._".,Tnn'.lnnt.-l".'-.,nu.: 10100 0 1 1

Feading and stacking rasters from input foldeCa...

Calculations Complets, .. ™

Comgpleted scripe BlockMazxiza...
Eypsepded ar Thue Jum 20 11:37:58 2013 (Elapaed Time: 2 mimnuess 73 nr@

_ _ / When the MLE estimation algorithm does not
Time may vary depending on your  conyverge for a pixel, its value is interpolated for
processor specs and length of the 8 near. Neighbors. It typically happens when
time series time series is not long enough or is almost

constant




Custom Toolbox (cont.)

Results:

.shp with all MLE coefficients for
= E3 TuulData

0B / each pixel

Return Levels
rl_XX

Lower confidence intervals
rl_low_ XX

Upper confidence intervals
rl_up_XX

&l l_up_100.img



Custom Toolbox (cont.)

Results:
10-month return levels (= average 10% probability of being equaled or exceeded)
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ustom Toolbox (cont.)

Results:
MLE coefficients .shp table

.
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Custom Toolbox (cont.)

Doc folder:

- Type
<_ ElDec Folder

Elpics Folder
1 Scratch Folder
£ Scripts Folder
EdToolData Folder
B9 Gridded Bxtremec.thy Toolbox

VERY IMPORTANT: .doc file containing all necessary instructions to set everything up before
running the tool (e.g. R installation, PATH variables, etc.)



Custom Toolbox (cont.)

Scripts folder:
Uontents | Preview | Description |
Mamc Type
EDec Folder & arcpyWithR.py
Epic; Folder E arcpyWithR.pyc

o Folder " BlockMaxima.py

<~ £ Scripts PRI 2 & BlockMaama.r
ElToolData Foldes & | myEVfunctions.r
B Gridded Extremes.thx Toolbox | standAloneBlockMaxi
n oneoleC dXIma.r

|

All required scripts (standalone R script, Python script tool, R script
called from .py main script and some external modules)



Custom Toolbox (cont.)

ToolData folder:

Contents | Preview | Description |
Mame Type
ElDoc Folder
Elpics Folder
£15cratch Folder

" i Folder

| ETeolData o >
Gndded Bdrernec.ths Toolbox

& Limg
g Lirmg.auenl
g 2amg
& Zamg.ausarml
& dimg
& dimg.awcemnl
g damg
& dimg.aunenl
i 5img
g, Aurmg.aurarm|
o Gimg
& Guimig.auncmnl
ﬂ:_: farng
g Timg.auxarnl
| Bimg

& | Lhimg
2| V5.irmg.aun el
o | 1bamg
& Woarmg.auraml
o 17.img
45 1Timg.awcanl
o | 18armg
2| 18.irmg.aune el
o 19img
i | 19urng.auxarml
| 20.img
4 Airmg.auncrml
oF dlarng
& 2limg.awearnl
o 24

#_..H.il'lll_.'
a_'lﬁ.img.aw.m
o | Hamg
& Farmg-auwsml
o | H.img
dn | 3L irrveg. e nnd
o3| Farmg
a_'l't."‘.in'u_"..ul.rr.rrlﬂ
af | 33.img
di | FFamig-aunsml
| Himg
& Woimguauend
oF | F2amg
i 35 irmgea sl
i | H.img

Test data: monthly maximum temperatures from PRISM climate group,

extracted for 3 consecutive years
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Thank you for your attention!

..Questions?

For further information, please contact:
ftonini@ufl.edu
www.francescotonini.com

“Gridded Extremes” toolbox (currently beta version) available at:

https://github.com/f-tonini/Extreme-Values-For-Gridded-
Data/tree/master/MyDroughtTool
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