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Evaluation of meteorological drought index for drought assessment and

mapping in Lorestan provincein Iran

Abstract

Droughts are major natural disasters for many pdrtse world. Dry areaswhere the
precipitation pattern is markedly seasonal, ottliewise highly variable, are themost
susceptible. The Iranian Prairies are often subgetd drought, and it is sometimes
catastrophic Therefore, understanding the droughdlitions through the prediction and
zoning of drought extents can considerably decrésdamaging risks of this
phenomenon. This research has been done withtisttisorrelations of 5
meteorological drought indicators and monthly raiinfiata of 15 synoptic and
climatological stations in Lorestan province arsdsiirrounding. Statistical years weren't
the same and the statistical period is between 1®2010 years. Drought events are
determined with the use of indicators such as:détatized Precipitation Indicator (SPI),
percentage of normal indicator (PNI), deciles iattic (DI), Chinese Z indicator (CZI), Z
standardized indicator (ZSI) and sequences. Duatladion coefficients in all stations of
this province showed relatively high values, Acéogdo these indicatogghe driest
years were: 1964, 1966, 1973, 1990, 2008 and 2010.

K ey words: droughtdrought indicators,orestan,monthly rainfall, zoning.

1. Introduction

Nowadays drought has become one of the most exjgenatural disasters (Klaineet al,
2013). Drought is the result ofdortfall in rain and high temperaturisat may occur in
anykind of climatic conditions. There ardifferent types such as: agricultural,
hydrological and meteorologicaldrought. We payditen to rivers discharge in
hydrological drought (Alizadeh,2008). Meteorolodicdrought happens more than
othersand this is followed byagricultural and hydrolodicought§Mahmoodi, 2001).
Drought has a major impact on soil and vegetationerand reduces theutput

ofagricultural products (Azizi, 2001). Unlike ariditgdrought occurs in humid areas too
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(Soltani et al, 2007).Although it is difficult taefine and monitor drought, there are many
methods for examiningit.Akram Hedayatidezfuli(20@#g studied drought using
standard precipitation methods, percentdifferemieiles and Z standard precipitation
method. Shehas concluded thatrainfall has incréewedd the northeast because of
topography. Rainfall didn't have a clear pattern in total aread the area had
rainfallbetween droughtsresulting in strong interannaukbdity . Zareaabyane(2004)has
studied Hamadan drought with 60 percent threshaotthod (percent of normginfall
classifiedis adeviation of the mean.Precipitation time heter@jgnwas a result of this
research and there wasgenerally heavyrainfall envtinter and the lowestrainfall in the
summer.Farajzadeh(2007) in his research has ussdsidhe method, SPI and DRI for
evaluation and monitoring Northwest drought and psebds. He found thator
determining dry and wet years the SPI method isbé&t, because this methodes
thenormal distribution. Lashtizand(2004)in his reséattas studied Northwedtan
droughts. Azizi(2008)has studied Iran droughts &hdir relationshipwithEl-Nifio
Southern Oscillation (ENSO)Montazeri (2008)studiedheZayanderoud basin with
standardized precipitatiorterweijer et al(2008)reconstructed past climateing tree
rings and found out that one unprecedented drougibccurred in medieval
centurieswhildroughts in general areelated withENSOCook et al.(1997) studied
drought in thevestertJSA with thePalmer indicator, principal component analyses, and
a datpoint network. They found there is a relationshigmieen 1930's drought and dust;
andthe year 1700 was probatie driest yeam the USA Khideretal.(2011)simulated
theEl Nifio and medieval glacier efiche recorsvas collected from the sedimentary cores
of Sulawesi sea, and there was heat in the westiga of the tropical Pacific. Results
showed thatENSO variability was the strongest and Ldifia was strongerthan El
Nifioduring theLIA (little ice age).Hu andChiin(2001)in a study betwetre year$470
and1997 showed that when the south China has drowgimditions, there
washighehumidity in northeast and this is a meridionadriationIn this research,
dryanomalyfirst appearedn the northeast anthen moved towardlowerlatituddhese
events have happened in the USAwellanddrought happens at 30 degree of northern
latitude or highesnce every 10 yeafismile-Geay?et al.(2013) have attempted to
examine human influences on climate. Their modeled wavelet transform
techniquegvhich showed a strong relationship between sotergy and El Nino at
200units?)However, human influences were short-term andjustraadiation. Kaplan

etal.(1992)have attempted three tests at sea fellelving the unprecedented drought
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and heat in 1988. They accomplistiednusing data from 21 — 23 May, 198their
purpose was to estimate the relationship betweanssgace temperature anotated
Empirical Orthogonal Function patterns in the heiglelds of the northern
hemispherdll experimentswere performed very carefully buteyhwere not like
originalconditions because they were accomplishedhe ocean surface,therefore sea
surface temperaturewave was notthe only drought factborstir(2013)realized the
relationship between western America humidity angheéssand the relationskipENSO
and arcticand high-latitudes oscillations by usitrge rings Siger et al.(2009)
examineddrought in thesoutheast of the United Statel the relationship between hydro
climatology and human climate change. They predick®ughtwith usingrainfallyater
leveloscillations, and tree rings during the last miieiin and they found that winter
droughtscorrelatavith El Nifio in Southeast but summer droughts caused by internal
factors. He found thdtttree rings of 26 century are wetter than those of last millennium
and 21- year droughacccurredin the 18 century. In short term,rainfall increasesand
evaporationwill follow. Thus,whedrought happenss a result of human influence
rainfall and evaporation reduce.Accordinght#aleoclimatology literature,is implied
that past droughts were more varialnether researctiyoodhouseand Overpe¢k998)
studied United States droughts and reconstructedgtit with usingtree rings. They
found out that last millennium droughts of Amerargse from two patternshepressure

pattern of the northern hemisphere and ENSEconnections.

2 Materials and methods:

2.1 Geographical structure and nature situation

Lorestanis aprovince in western Iran in the Zagros Mountgffig. 1). The population

of Lorestan was estimatedt 1,716,527 in 2006. Lorestan covers an area of
28,392 kmz.Lorestan is located within Icamtered at abo88.4871°N 48.3538°E.

Its climate is generally sub-humid continental witinter precipitation, a lot of which
falls assnow(KdppenCsa). Because it lies on the westernmost slopes oZ#higos
Mountains annual precipitation in Lorestan is among thehbg anywhere in Iran south
of theAlborz Mountains in Khorramabad, the average annual precipitatodals 530

millimetres (21 inches) of rainfall equivalent, Wgiup to 1270 millimetres (50 inches)



may fall on the highest mountains. The months lon8eptember are usualyrydry,

but Khorramabad can expect 4 inches of rainfalivedent in December and January.

Temperatures vary widely with the seasons and gutay and night. In Khorramabad,

summer temperatures typically range from a mininafirh2 °C (54 °F) ta maximumof

32 °C (90 °F). In the winter, they range from a imiam of -2 °C (28 °F) t@ maximum

of 8 °C (46 °F).
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Figure( 1)The geographical position area, Loregtdran

X y h station
49.41  33.45 18719 Azna
48.25 33.81 1567.2 Aleshtar

49.7 33.4 2022 Aligodarz
49.86  31.85 767 lezeh
49.88 31.51 710 Baghmalek
47.71  33.15 713.5 Poldoghtar
48.28  33.43 1147.8 Khoramabad
50.36 32,96 2290 Daran

49  33.51 1522.2 Dourod

48.38 32.4 143 Dezful

48.8 325 485 Sardasht
48.41  32.26 82.9 Safiabad




48.71 32.08 59 Keshtkar
50.81 31.51 1580 Lordegan
48.51 32.78 450 Mazoo

This research has been done with statistical @irogls offive meteorological drought
indicators and monthly rainfall dataom 15 synoptic and climatological stations in
Lorestan province and itsurroundingslable (1)shows the stations studied . Statistical

years weren't the same and the statistinalysiscovers the period from1951 to 2010

Dip software was used foine drought studysotherainfall data of all stations were taken
from the meteorology organization and homogeneitdaia were evaluated withrun
test examination and missing data were reconstiuzygroportions metho@nd at last
were entered to the software and droughts werdifeiehAt the next stage one database
was developed includinglatitude and longitude amohtfmly droughts. This database was
used in GIS software.

The data in Table 2 weredited by The National Drought Mitigation Center-
NDMC )The percent of normal precipitation is one of gimplest measurements of
rainfall for a location. Analyses using the perceiihormal are very effective when used
for a single region or a single season. Percenbohal is also easily misunderstood and
gives different indications of conditions, depemfion the location and season. It is
calculated by dividing actual precipitation by nalrprecipitation -- typically considered
to be a 30-year mean -- and multiplying by 100%is™an be calculated for a variety of

time scales. Usually these time scales range fr@imgle month to a group of months

Table 2: percent of normal indicator classification
class PNI quantities PNI Rating
slight drought 70-80 per cent 1
moder ate dr ought 55-70 per cent 2
intense drought 40-55 per cent 3
very intense drought lessthan 40 4
Less | -1.99to| -1.49to| -0.99to Oto 1t01.49( 1.5to | More than| SPI amount
than-| -1.5 -1 0 0.99 1.99 2
2
Infra Very | Slightly [ Almost | Almost | Slightly [ very wet| Ultra wet Event
dry dry dry normal | normal wet description
dry wet
0.02¢ 0.0 0.091¢ | 0.341: | 0.341: | 0.091¢ 0.04 0.022¢ | Occurrence
probability
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representing a particular season, to an annualaberwear. Normal precipitation fora

specific location is considered to be 100%.(J. Hayes, NDMC, personal

communicatior)

In Table 3, we followed Mackeeet al(1998).The Sidicator is for the lack of rainfall
measurements from various sources. SPI is calculateach area based on the long-
term statistics and for a specific period. To dig,the following formula is used: SPI=
((rainfall in specific period -same period rainfalean)/standard deviation).Since SPI has
been standardized, it's usable for wet and dryatksiand the results are comparable fora
specific period. According to this method, when S®Icontinuously negative and
reduces to -1 or less,there is drought period anemSPI becomes positive, there isn't
any. SPI cumulative amounts show the drought inteasid magnitude. Classificationof
SPI amounts is inable 3 Alizadeh, 2008).

SPI: Standardized precipitation indicator
Pi: Station rainfall mean in millimeters

o!: Standard deviation of station rainfall data

2.2 deciles:

This method is a meteorological indicatorto mondosught introduced by Gibbs and
Mahe(year?).In this method, theamounts ofrainfall distributiware organized from the
smallest to the largest and divided into 10 sestidime first decile represents 10 percent
of rainfall and 1#decile shows 100 percent of rainfall. Table 4is pided based on this
indicator.

Table 4: drought classification based on deciles

9-10 7-8 5-6 3-4 1-2 Deciles
classification
Severe Moderate Normal Moderate Severe Situation
wet wet situation drought drought description

2.3 Chinese Z Indicator (CZl), Z6standar dizedindicator (ZSl):



CZI indicator isthecube rootofWilson-Hilbert (?Assuming that the rainfall data follows
Pearson distributiontype three, the indicator Isudated as follows:

J: month  CS: coefficient of skewnégsstandard variable jXmonthly rainfall  c:
standard deviation of the rainfall data ¢: variance of the monthly rainfall data X:
monthly rainfall average

2.4: normal threshold climatic indicator or sequences.

In this indicator,the mean of annual or seasoriafalss and one threshold are considered
(Abiyane, 2004). Rainfall threshold for droughtg{Xs usually 75 to 80 percent of the
annual rainfall averageso0.8* annual rainfall= (¥ and we get differencef annual
rainfall to (X).Negative amounts of (XX represents a drought absitiveamounts
representsa wet yegfAlizadeh, 2008). In limited coordinates,howevérere the
horizontal axis is the number of statistical yeamsl the vertical axis is specified to the
statistics obtained from the sequences, wet and years can be shown
graphically. Therefore, the downward histograms daté drought and the upward
histograms indicate wet. Drought statistical pesibégin wherihe sequence is negative
and continuesintil the sequence becomgasitive.

3. Discussion

Table 5 shows the correlation coefficient ofdrouigiticesfor thek horamabad station.
The maximumcorrelation is betweemrmal percentagand number Z that it is 100
percent. The minimumcorrelation is between decdesl precipitation indicator.The
results of the 36 stations and their surroundingsealthat CZI-SPI, DI-PN-ZSI
indicators have very high correlation with eacheotim all examined stations.

Table 5correlation coefficient results for meteorological drought indicators

inK horamabadstation

di pn spi zZsi czi Test
sequences

di Pearsor |1 .98C" 977 .98C" 981" .98C"

Correlatio

n

Sig. (= .00C .00C .00C .00C .00C

tailed)

N 55 55 55 55 55 55
pn Pearsor |.98C |1 997 1.00C" | .99¢” 1.00C"

Correlatio |

n

Sig. (| .00C .00C .00C .00C .00C

tailed)

N 55 55 55 55 55 55
spi Pearson .977| .994" 1 994 .998" 994




Correlatic |~

n

Sig. (- | .00C | .00C .00C .00C .00cC

tailed)

N 55 55 55 55 55 55
zsi Pearson |.980 |1.000 |.994 1 999 1.000

Correlatio |~

n

Sig. (2-1 .000 | .000 .000 .000 .000

tailed)

N 55 55 55 55 55 55
czi Pearson |.981 |.999 .998" .999" 1 999

Correlatio |~

n

Sig. (2-] .000 | .000 .000 .000 .000

tailed)

N 55 55 55 55 55 55
Test Pearson |.980 |1.000° |.994 1.0000 |.999 1
sequence| Correlatio |
S n

Sig. (2-] .000 | .000 .000 .000 .000

tailed)

N 55 55 55 55 55 55
**_Correlation is significant at the 0.01 level-tailed)

3.1Drought study with standardized precipitation indicator:

Maps were drawn for all years withestandardized precipitation indicator.The driest
yearsare shown in figure 2.Accordingttos index years2008 and 2010 are drier than
others.
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Figure 2: Dry yearsstudied using the standar dized pr ecipitation indicator in
L orestan Province

3.2Drought study using the decile indicator:

Although all indicators have high numerical cortiela coefficient with each other
without anyclassification, in Clusteanalyses they aren't in the samecategory. Itreveal
that the levels of these indicators are not welirdel or are notcoordinated with each
other. There areightclassificationsor the standardized precipitation indicators dive
classifications in decile$us dry yea@re not the same iRigure2and 3. In terms of
droughtintensity, théwo indicatorsaren’t equal, in 2008 the most parts of the prazinc
have experienced drought with standardized pretipit indicator whilesing thedecile
indicator 1990 is most drought amount.
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Figure 3: Asin Fig. 2 except using deciles
3.3Study of drought with sequence indicator:

Chart 3has been drawn with sequence test. This testrised frona histogram in which
negative amounts show drought and positive onew stelyears.In this histogram dry
years are: in th@950’s 1954 and 1958; in the960’s 60, 66 and 68; in th£970’s 76

and 78; in thel980’s: 80, 84 and 86; in th&990s 92, 94 and 96, and 2000’s most
yearshow a negative valuPositivéhistograms can be observed in thedecades 50, 70 and
90 in which wet years have been reduced and drysyeave been increasedigure
4shows dry years with sequence indicator. Thera #sspecial classification for this
indicator but in this figure purple red colorsshanought and wet respectively. The
driest year is 2010 and the wettest year is 2006uré& 6 shows amount and
intensityofdrought.
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sequence indicator

I J |
2009 2007 2005 2003 2001 1999 1997 1995 1993 1988 1982 1

Years

1976 194319 61962195f

- 500
- 400
- 300
- 200
- 100
-0

100-
200-

Volume

Chart 3: evaluation of drought with sequence indicator in some selected stations,

Table6examine drought with sequen indicatol

During periods o | Amount of Drought The most sever
drought drought Severity drought
Azng 5 =277 -282 -14€
lezh 2 -428.3 -430.3 201.4
Baghmalk 2 -192.4 -194.4 156.7
Daran 2 -93.1 -95.1 47.7
Dezful 6 -368.: -374.% -13¢
Keshtkar 4 -115.492 -119.492 -53.12
Mazo 7 587.6 580.6 -238
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Figure4: Asin Fig. 2, except for using the sequence indicator .

Table 6demonstrates the examination of drought séfpjuences indicator. In this table
duration, amount, intensity and the most severedhtaristics of drought are shown.The
common dry years are: 1990 and 2001 to 2010, insdzat in the most years of century
2000 droughhagpredominated. Drought value obtained from sum gftige values in a
dry period can represent dry amountof a statiaiat period.Mazo station with a period
of 5 years and amount of -784.4had the longesbgeBut the most severe drought of a
period can show the best result because this ansbiomis which period and station have
experienced the most severe drought. The mosteseveught is related to Mazu station
with amount of -238 that drought period was 5 yeard amount of the most severe (-
151.8), Mazu

12



sepiemes imilbcslor

P &nirE AP S0 e : LTTE L

us—_—ulﬂmﬂm

Figure 5. compar ative study of L orestandrought in 2008
3.4 compar ative study of drought:

The year 2008shows up with all of the indicatorgesding that this year is dry. In spite
of the different classification system of the iratmrs, there is a little difference between
maps for that year.

5- conclusion:

Climate change is one of the most important sujiecthe world todayOne of the first
impacts of climate change is the prolongation amelnsification of drought in some parts
of the world.Iran is classified as one of the Zdopes of the world aige scarcity of

water resources isaserious threat that regapesial attention. Thus, drought is an
important issue for Irarin this article the following results arietained; the correlation
coefficient is very high between drought indicaj@r®ught amount and duration have
increased in recent years and the most severe igedpread drought has happened in
LorestanThe average monthly drought index was &%tensive droughts have occurred
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in 1960s,199053ndL995 and 1996vereconsidered dry years. The correct and efficient
way of using water can save us from water scaeaity drought crisis. Watershed
management can help us in this field. If any damstroiction is performedcarefully and
correctly, it can solve many problems of water sityr For instance, GotvandOlya dam
has beeruilt on salt domes $oeatnotonly was the water problem nsvlvedbut nova
new environmental crisis is taking placgéensifying droughtsequire more attention to
water resources in the recent years, espesiatly riverdischargereductionswill affect
water quality. If climate changes are anthropogem& will have to waituntil Karun and
Arvand has lost its quality, because Arvand isahly navigable river in Iran and it has a
key role in the creation of natural outlooksforristiattraction. Management and
planning for this water resource should be pladdbeatop of all programs.
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Figure 6: As in Fig 2, except using the CZI
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Figure 7: As in Fig. 2, except using the PNI.
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Figure 8: As in Fig. 2, except using this ZSI.

Is this a Table?

The most humidmonths.

JAN. | FEB. | MAR. | APR.| MAY|OCT. | NOV. | DEC. | mean

1958 | 1965 | 1979 | 1964 1992 19583 1988 1958 1993
1978 | 2004 | 1983 | 1988 1970 1973 1989 19Y5 1969
2009 | 1980 | 1973 | 1997 1955 197fy 1990 1996 1957
2003 | 2010 | 1955 | 1983 1952 1962 2002 1966 1994
1959 | 1971 | 2001 | 1993 2002 1982 1985 1977 19b4

The driest months

JAN. | FEB. | MAR. | APR.| MAY | OCT.| NOV.| DEC.| mean

1956 | 1972 | 1961 | 1951 1979 1979 1969 1981 1913

1986 | 1999 | 1998 | 1961 1987 1986 1935 1987 1990
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1993 | 1982 | 1999 | 1996 1971 1964 1986 2006 1966

|
1984 | 1995 | 1984 | 2002 2005 1983 1995 1988 2010
1969 | 1958 | 1992 | 1966 1962 1981 2007 1960 1995
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