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Abstract. Drought Indices (DIs) have been commonly used tfindedrought
conditions. In general, DI is a function of severgtiro-meteorological variables and
can be integrated in a decision support system dsoaght management tool to
trigger drought relief programs. Globally, drougtiave been studied using many
different indicators, but, among them, the Stanidadi Precipitation Index (SPI) has
significant advantages. SPI has been selected ley World Meteorological
Organization (WMO) as a key indicator for monitgridrought ('Lincoln declaration')
and is one from the two most used in Europe. Thaikd from the authors’ four
global gridded data-sets of the SPI are presentbedy are computed from the
UDEL/GEOG/CCR v3.02, GPCC v7.0, the NOAA-CIRES 20GRc and the
ECMWF ERA20C monthly precipitation databases anchea them is with more
than a century long time extent. The SPI is catedldor the most frequently used
time scales of 1, 3, 6, and 12 months and, excEM\EF ERA20C, are in the highest
available grid resolution, native for the precipida database. The popularity of the
SPI in the geophysical community and the strongvichion of the authors that the
free exchange of data and software services arés las effective scientific
collaboration, are the main motivators to open pheduced data-sets for free of
charge download. The paper shows also in concise fmme possible use of this
information, revealing its suitability for variowdjective long-term drought studies at
any geographical position.
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Introduction

Drought is a natural phenomenon and poses signtfipgoblems around the
world. It places huge demands on rural and urbaerwasources, and enormous burdens
on agricultural and energy production. In generought is defined as the water
scarceness due to insufficient precipitation, héglapotranspiration and over-exploitation
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of water resources or a combination of these parmeDespite its complex nature, there
is overall agreement that precipitation is the priynfactor controlling the formation and
persistence of drought conditions. Drought indi¢B$s) have been commonly used to
define drought events. In general, DI is a functioh several hydro-meteorological
variables (e.g., rainfall, temperature, streamflemgwmelt, etc.). They can be integrated in
a decision support system as a drought managew@rtottrigger drought relief programs.
Moreover, it has been used to quantify deficitswater resources and as a drought
monitoring tool. However, drought researchers apafronted with the ambiguity of
drought definitions and Dls, which has never beswlved to the satisfaction of all drought
researchers and professionals. In attempt to owezabis, an Inter-Regional Workshop on
Indices and Early Warning Systems for Drought welsl lat the University of Nebraska-
Lincoln in December, 2009. It was jointly sponsobsdthe School of Natural Resources of
the University of Nebraska, the U.S. National DroudMitigation Center, the World
Meteorological Organization (WMO), the U.S. Natibn@ceanic and Atmospheric
Administration (NOAA), the U.S. Department of Aguiture (USDA), and the United
Nations Convention to Combat Desertification (UNQCDhe workshop reviewed the
drought indices currently in use in different raggoof the world to explain meteorological,
agricultural and hydrological droughts, assessedctHpacity for collecting information on
the impacts of drought, reviewed the current ancerging technologies for drought
monitoring and discussed the need for consensudganid indices for describing different
types of droughts. Manifestation of the resultsh&f conference is the Lincoln declaration
(Hayes et al. (2011)), which key point is that tlierkshop came to a consensus that the
Standardized Precipitation Index (SPI) be usedchtracterize the meteorological droughts
around the world. More specially, the National Metdogical and Hydrological Services
(NMHSs) around the world are encouraged to useStPkto characterize meteorological
droughts and provide this information on their wigss in addition to the indices currently
in use. The free availability in the recent decadésdigital maps for the monthly
precipitation sums, either from objective analysisfrom reanalysis, has encouraged the
authors to compute the SPI for the frequently usme scales of 1, 3, 6, and 12 months
(noted traditionally as SPI-1, SPI-3, SPI-6 and-$P) from four sources for the full time
length of each precipitation data-set. Consequefalpwing our strong conviction that the
free exchange of data and software services alie bheffective scientific collaboration,
we offer these results for free of charge downleiadnternet. Mean aim of this study is to
present shortly these data-sets, rather than forpeany drought climatology. Thus, the
listed examples have to be treated as small iitistn of the variety of potential
applications at any possible geographical positdepending of the particular interest of
each end-user.

The paper is organized as follows: Section 2 prewid description its strengths,
limitations and application of the SPI for objeetidrought assessment. The third section
contains concise description of the used precipitadata-sets. The performed calculations,
validation of the output are in the fourth sectidine procedure for the free of charge
download of the output data-sets is describedarfifth. In the sixth section are listed some
illustrative examples and the short summary anctlasion are placed in the last, seventh
section.
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Theoretical aspects, strengthsand limitations of the SPI

The SPI was developed by McKee et al. (1993) fonitooing drought conditions
based on precipitation sums. It is computed byniitta cumulative probability function
(CPF) to the distribution of precipitation summetktthe time scale of interest. This is
performed separately for each month (or whatevertdémporal basis (time window) is of
the raw precipitation time series) and for eaclafion in space.

The definition of the SPI is part of many publicais, and thus will be not
addressed here. The reader can find it, for exarmpldoyd-Hughes and Saunders (2002).
Once standardized, the strength of the anomallassified as set out in Table 1. The table
also contains the corresponding probabilities afuoence of each severity, these arising
naturally from the normal probability density fuioct.

SPI value Category Probability %
2.00 or more Extremely wet 2.3
1.50t0 1.99 Severely wet 4.4
1.00 to 1.49 Moderately wet 9.2

0 to 0.99 Mildly wet 34.1

0 to -0.99 Mild drought 34.1

-1.00 to -1.49 Moderate drought 9.2
-1.50to -1.99 Severe drought 4.4
-2 or less Extreme drought 2.3

Tablel. Values of SPI and corresponding categories aologbilities (after Lloyd-Hughes and
Saunders (2002))

In the recent decade the SPI is widely used throuigthe world in both a research and an
operational mode (see Lloyd-Hughes and Saundef@2jZ6r details).

In many articles (see, for instance, Hayes etl&99)) the advantages and disadvantages of
using the SPI for drought severity assessment @eusked. The SPI has three main
advantages. The first and primary advantage is lgityp The SPI is based solely on
rainfall and requires only the computation of twargmeters, compared with the 68
computational terms needed to describe the poRabner drought severity index (PDSI).
By avoiding dependence on soil moisture condititins,SPI can be used effectively in the
whole year. The SPI is also not affected adverssiytopography. The SPI's second
advantage is its variable time scale, which allotvdo describe drought conditions
important for a range of meteorological, agricudtuand hydrological applications as in the
cited articles above. This temporal versatilityaiso helpful for the analysis of drought
dynamics, especially the determination of onset eeskation, which have always been
difficult to track with other indices. The third \whtage comes from its standardization,
which ensures that the frequencies of extreme s\atrany location and on any time scale
are consistent. Other strength, usually dismiseetie SPI description, is that this index is
defined without any empiricism, in particular 'lbparameterizations', which, more or less,
are connected to the concrete position and/or skttaThis problem arises also in the
attempts to generalize the SPI, including the etrapepiration (see Vicente-Serrano
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(2012)). The SPI has three potential disadvantattesfirst being the assumption that a
suitable theoretical probability distribution cam found to model the raw precipitation data
prior to standardization. An associated problerthes quantity and reliability of the data

used to fit the distribution. A second limitatiofi the SPI arises from the standardized
nature of the index itself, namely that extremeudids (or any other drought threshold)
measured by the SPI, when considered over a lomg pieriod, will occur with the same

frequency at all locations. Thus, the SPI is nqtatde of identifying regions that may be
more ‘drought prone’ than others. A third problenaymarise when applying the SPI at
short time scales (1, 2, or 3 months) to regiondoof seasonal precipitation. Strictly

speaking, the SPI is not defined by zero precipitatin these cases, misleadingly large
positive or negative SPI values may result. On phadblem partly is dedicated the work of
Wu et al (2012). On the basis of the results idieati within this study, the authors

recommend that the SPI user be cautious when agplshort-time-scale SPIs in arid

climatic regimes, and interpret the SPI values appately.

Used data

In the recent decades objective analysis and rgsinahave been extensively
developed in many institutions and, consequentg, produced data-sets used in many
applications. In our study we have used two objectinalysis data-sets, namely the version
3.02 of the “Terrestrial Precipitation: 1900-2010idded Monthly Time Series” of the
Department of Geography of the University of DeleavéPeterson et al (1998)), noted
further as UDEL and the Global Precipitation Clinlagy Centre (GPCC) Full Data
Reanalysis version 7.0 (Schneider et al (2015))dca@as GPCC. The both are global and
the subsets with the highest resolution of 0.5°%@d6 both are considered for the SPI-
calculation. The time extent of UDEL is 1900-2010daof GPCC - 1901-2013. The
considered reanalysis data-sets are the versiomfvte NOAA-CIRES 20CR (Compo et
all. (2011)) noted as CIRES and ERA20C of the EesmpCentre for Medium-Range
Weather Forecasts (ECMWF) noted further as ERAZBXCKler et al (2014)). These data-
sets are also global with time coverage 1851-201d ¥000-2010 correspondingly. The
row data of CIRES are in Gaussian irregular grid are interpolated with the tool “cdo”
(http://www.mpimet.mpg.de/cdo) to the 1.5°x1.5°aleon with similar to the original
grid cell size. So, one CIRES gridcell accommodaitee UDEL or GPCC ones. The
ERA20C data-set is deliberately downloaded witlfX055° resolution although the grid-
cell centers are offset by 0.25 deg in comparisodd@EL and GPCC.

Perfor med calculations and validation

The values of SPI-1, SPI-3, SPI-6 and SPI-12 ampced using own programs,
following the classical approach, proposed by Mckeal. (1993). The calculations are
performed over the whole spatial and temporal éxdéreach input data-set, described in
previous section.
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The web site of the CARPATCLIM project (see JRCore2010) and the references
therein) contains data for monthly precipitatiomsuand the calculated with them SPI1 and
thus are suitable for validation of our calculatimwcedures. The two computations were
found to be in excellent agreement. The Europeaou@hit Observatory of the Joint
Research Centre (EDO-JRC, http://edo.jrc.ec.euenpedov2/php/index.php?id=1000)
publishes also SPI maps of recent drought episdddég®ugh computed with SYNOP data
and different reference period they are very ctoseur results.

The selection of the reference period for the datmn of the CPF parameters is usually
not commented with necessary depth, but, this iy velevant. McKee et al. (1993)
recommends to use time-series with at least 30syleaigth and thus the current WMO
standard reference period 1961-1990 seems thermatstl choice. Considering the results
of an inventory of the reference periods used mous Member States, the specific needs
for accurately representing extreme events, andilpieschanges in the rainfall regimes due
to climate change, the Water Scarcity and Drougigel® Group strongly recommends
using the period January 1971 to December 201eésréhce Period for the calculation of
the SPI.

[llustrative examples and qualitative comparisons

Main result from the presented work are the spatial temporal arrays of the
fourth SPIs, retaining the spatial and temporageittesolution of the corresponding input
precipitation data-set. Such distribution facitsthe combined analysis of both in parallel.
Hence each map, drawn after interpolation of ucsired data, for instance the point
measurements in the SYNOP stations as in the widdaravitis et al (2011), depends from
the subjective choice of the interpolation proceduhe presented here in the 'native’
regular grid data-sets are much more consistent.

As far as any drought climatology is beyond thepscof the presented work, only some
illustrative examples, which reveals possible impatations of the data-sets, will be listed
concisely.
Thus Figure 1 shows the world map of the SPI-12Hersecond year of the NOAA-CIRES
reanalysis.
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Fig. 1. World map of the SPI-12 for the second year oNBAA-CIRES reanalysis

The drought in the USA during 1976 and 1977 wad migbressed, especially in particular
regions; California's statewide snowpack reachedalktime low in 1977. The spatial
distribution of the SPI-6 for North America for shyear is depicted on Figure 2.
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ig. 2. Map of the SPI-6 for 1977 obtained from UDEL. Hetitis dataset contains data for the
land-surface only, the SPIs over the water bodiesiadefined and shown hatched.

The extreme drought and heat wave that hit Eurngaé summer of 2003 had enormous
adverse social, economic and environmental effestish as the death of thousands of
vulnerable elderly people, the destruction of lasgeas of forests by fire, and effects on
water ecosystems and glaciers. It caused power amds transport restrictions and a
decreased agricultural  production. According to then-line document
(http://www.unisdr.org/files/1145_ewheatwave.en)pdfimpacts of summer 2003 heat
wave in Europe” of the United Nations Environmembgamme (UNEP) the losses are
estimated to exceed 13 billion euros. Map for SRif3his episode is shown on Figure 3.
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ERA20C SPI=3 for 2003
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Fig. 3. Map of the SPI-3 for 2003 obtained from ERA20C

Typical issue of the long-term drought climatoloigythe analysis of historical drought

events. So, for instance, the EDO-JRC maintainsighbepisodes site, which is updated
periodically. Impressive is the case in 1989-199Eirope, which, according this source is
in the list of 21 biggest droughts since 1950. Eglly affected ware Southern Europe and
the Mediterranean. Figure 4 shows the spatialidigion of the SPI-1 in the middle year,

1990 for Southeast Europe.
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Fig. 4. Map of the SPI-3 for 2003 obtained from GPCC. Tata-set contains data also for the
land-surface only.
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The obtained data-sets can be post-processedisédlysin order to derive some secondary
measures, which are suitable for climatologicallysis. So, for instance, Lloyd-Hughes
and Saunders (2002) shows, among other resultss wfafhe number of drought events,
where the individual ones are defined by zero angssthat bound the exceedance.

Finally, the presented data-sets offers the pdigiib extract certain information in
particular (grid) point of interest in form of tingeries, which is other traditional way for
data analysis and visualization, as shown on Figure
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Fig. 5. Time series of SPI-1, SPI-3, SPI-6 and SPI-1a)fat point located in SE Bulgaria. The
vertical grey lines brackets 1989-1991, which sudsht period.

To save place, only the time series of the SPIshefdata-set with the longest time-span,
NOAA-CIRES are plotted. Such subsets can be alst-mocessed, especially applying
techniques for trend analysis or for searchingearfqals of cyclic repetition of predefined

anomalies.

Data-sets download

The output data-sets are written in the standartganelogical file format netCDF
and are available for free of charge downloadmt/feo.cfd.meteo.bg/SPI/.
If you acquire these data, we ask that you acknidydeus in your use of the data. This may
be done by including text sut¢he SPI data-set are prepared from Chervenkov .afrain
the Bulgarian National Institute of Meteorology amtidrology in any documents or
publications using these data. We would also ajgeececeiving a copy of the relevant
publications. Thank you in advance!
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Summary and conclusion

Although many researchers argue that rainfall b&isdare not strong enough to
define the wider drought conditions, their appraf@ness was proven in numerous studies
in most parts in the world. Despite their limitat®p these indicators offer pragmatic
approach for quantitative estimation of complexmaraena. This fact is strengthened since
the rise of the digital era, when reliable datasef plenty of meteorological and
hydrological parameters are freely available. Hiliews the calculation of such 'secondary
quantities as the SPI routinely for climatologigadignificant periods of time (in order of
decades) practically all over the world.

Despite of the similarity in the precipitation surfts fixed time and location
between the fourth input data-sets, they are géyerat equivalent and, more or less, this
reflects to the corresponding SPl-arrays. This ifipebave to be accounted in certain
applications.

The presented data-sets and their availabilityiarip{i.e. before the start of any
drought study) saves time and computational effoftthe potential user allowing him to
focus his attention to the relevant analysis andrjgmetation. The data-sets can be used
from wide circle of investigators and decision-makeolely or, as is our advice, in
combination and/or addition with other methods aeing comprehensive drought
assessment in every region of interest.
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Bb3Mo:KHOCT 3a aHAJIU3 HA 3acyumiaBaHe 4pes Haﬁop JaHHM B paBHOMEpPHaA Mperka 3a
CTAaHJAPTU3UPAHUA BAJICKCH HHACKC

Xp. Uepsenkos, UB. [{oneBcku, K. CraBos

Pesiome: HsmonsyBaHeTo Ha MHAEKCH 3a 3acymaBane (M3) e uecTo mpuiiaraH MeTOJ 3a
OIleHKa Ha ycloBHATA 3a 3acymaBane. Kato mano, U3 ca ¢yHKIMSA Ha pa3snudHd XUAPO-
METEOPOJIOTHIHHU ITPOMEHINBHY U MOTraT Aa OBJaT WHTETPUPAHU B KOMIJICKCHH CHCTEMH 32
MUTHTAIMsS Ha TIOCIEACTBUATA. B cBeToBeH Mamab ce mpmiaraT MHoXectBo M3, HO
Crangaprusupanusat Banexen HWuamexc (SPI) mma 3HauuTeHHM NpeMMYILIECTBA IpeEN
ocrananute. SPle u30pan or CseroBHara Mereoposoruuna opranusanus (CMO) kato
KITOYOB WHIMKATOp 3a HaOJroJeHWe Ha 3acymiaBaneTo (BXk. T. Hap. «Jlakmapanust oT
JIMHKBIH») ¥ € eIdH OT JABaTa Haii-uecTo mpuiarand B Espoma. Cratusra npeacTabs
YETHPHUTE MOJIYYCHH OT aBTOPHUTE Ii1obanHu Habopu manHu 3a SPIB paBHOMEpHA Mpexa.
Te ca m3uncnenu crorBeTHO Ype3 UDEL/GEOG/CCR v3.02, GPCC/ v7.0, NOAA-CIRES
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20CR v2cu ECMWF ERA20CO0a3u naHHHM 3a MECEYHHS BaJIEK KAaTO BCSIKA OT TIX € C
BpeMeBH 00XBaT MOBeYE OT BeK. MHIEKCHT € W3YMCIICH 3a HAi-4eCTO W3IMOJ3yBaHUTE
BpeMmeBu maradbu ot Of 1, 3, 6u 12 mecena u, ¢ uskmouenne Ha ECMWF ERA20Cca B
Hal-ToJsiMaTa Pe30JIONHs, B KOSITO ca HAJMYHU JaHHWTE 3a Bajexka. [lomymspHOcTTa Ha
SPIB ekcniepTHaTa OOUTHOCT M CHITHOTO YO@XKICHUE HAa aBTOPUTE, Ye CBOOOHHS OOMEH Ha
JAHHA W TPOTPAMHU CPEICTBA € OCHOBA 3a IIOJI30TBOPHO HAYYHO CHTPYAHHUYECTBO, Ca
TJIABHUTE MOTHBH 32 IMPEIOCTaBIHETO HA MOJYYCHHTE HAOOpW 3a CBOOOJCH JOCTHI. B
KOHCIICKTUBEH CTHJ € IIOKa3aHa W MPWIOKHMOCTTa HA pPE3YyITaTUTEe 3a pPa3IuYHU
JIBJITOCPOYHH OOCKTUBHU M3CIICABAHUS B IPOU3BOJICH reorpa)CKu paiioH.
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