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CHAPTERTWENTY TwWO

DROUGHTASSESSMENT OF THKKAZ
MOUNTAINS AND THEIR SURROUNDINGAREA
(NOTHERNAEGEAN BASIN)

ERTAN TURGU AND ALI UMRAN KOMUSCU

Introduction

Drought is defined as deficiency in precipitatioveo an extended
period of time, usually a season or more. In mamgrehensive terms,
drought can be defined as lack of precipitationraaecertain period of
time resulting in a water shortage causing adviengacts on agricultural
and water resources and adverse consequences ooldgyc balance
(UNCCD, 1995). During drought events, water is ffisient to meet the
demands of human activities and the environmenerdfbre, not only
quantity of the precipitation but also timing antfeetiveness of the
precipitation are important to define drought coiodis over an area.
Drought differs from other natural hazards in these that it has a slow-
onset, and its impacts are non-structural and catimal Contrary to other
hydrometeorological hazards, droughts can affegelareas which make
assessment and response difficult. Droughts are simply climate
phenomena; in fact they have profound societal, neeoc and
environmental consequences. Various drought typede identified based
on the environments they affect, including meteamgaal, agricultural,
hydrological and socio-economic drought. Complexitly impacts and
conflicts vary from meteorological drought to seeiconomic drought.

Drought is a recurrent climate phenomenon for npasts of Turkey.
As the climate of Turkey is characterized mainly thg Mediterranean
macro-climate, it therefore has a highly seasomatipitation regime in
the western and southern parts (Tgrk2000). In this study, drought
occurrences and trends of several locations iNitiehern Aegean Basin
(indicated by basin number 4 in Figure 22-1), whiobludes the Kaz
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Mountains, are analysed based on SPI index folagte8 decades. For this
purpose, SPI index values to reflect intensity andurrences of drought
were computed using the precipitation data of Badea Edremit,
Ayvalik, Dikili, Burhaniye and Bergama stations fbe 1975-2009 period
at 3, 6, 12 and 22-month time scales in the fiest pf the study. In the
second part, SPI index series for the above mesdiostations were
subjected to Mann-Kendall trend tests to deterrtémeporal behaviour of
the drought over the basin area.
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Fig. 22-1 Hydrological Basins of Turkey (source: www.eievgr )

The Kaz Mountains have a unique geographical looafihey have
the second highest peak in the Marmara region. @Gebgally they are
located in the border of Marmara and Aegean regainklorth-western
Anatolia. They form a natural border between the tegions (Fig. 22-2).
The mountains are surrounded by Biga peninsulaémbrth and Edremit
Bay in the south. Another uniqueness of the gedtcap position of the
Kaz Mountains is that they are located at the ceesdion of European-
Siberia andiran-Turan flora regions (Atalay, 1994). The areaicih
includes the Kaz Mountains is in a transition zbeéveen Mediterranean
and Black Sea climates. Based on various climassifications, the Kaz
Mountains and the surrounding area are classiseskani-humid or humid
with a lack of rain in summers (Turke2010). According to the Koppen-
Geiger climate classification, the area is clasdifis mid-latitude temperate
climate with hot summers. Mediterranean depressiand physical
geographical factors determine the amount of pitatipn over the region
considerably (Kizilgaglu, 1995). The variation of the annual precipitatio
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and its frequency and intensity are closely assediwith frontal activities
originating from the Mediterranean Sea. The clintdtéhe coastal parts is
less extreme than the inland, due to the fact thateffect of the sea-
induced atmospheric humidity is always presentethémnual average
rainfall varies from 466 to 641mm for the statiamsluded in the analysis.
Typically the driest period in the area is from M#ay October. The
wintertime can bring snow occasionally, with tengiares dropping
below zero especially at high altitudes of the arBath the unique
topographic and climate conditions allow growth sdveral endemic
plants in the region as well. The Kaz Mountainsaresidered to be a part
of the Northern Aegean basin from the hydrologistndpoint. The
Northern Aegean basin is very rich in surface amaigd water resources.
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Fig. 22-2 Geographical location of the Kaz Mountains

Previous studies on drought in Turkey show thatabentry suffers
from droughts at various intensity and duratiorspeeially in the Central
and South-eastern parts (S6nmez et al., 2005).derethe same studies
have also proven that even regions which receigk Hinfall suffer from
periodic droughts due to inadequate precipitatimh\aarying precipitation
regimes. Long-term rainfall trends indicate thatn@ad and winter
precipitation totals decrease at several locatipagijcularly in the Aegean
and Mediterranean regions. As a result, severe \aitbspread dry
conditions occurred periodically, especially in 3972977, 1984, 1989,
1990, 1999 and 2007. Turk€1999) argues that variability of annual
precipitation decreases from the southern parthef dountry, which is
generally characterized by the Mediterranean rHirégime, to the north
where a uniform rainfall regime is dominant. Fig@23 shows long term
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temporal precipitation variations for the 6 statidocated in the basin.
Mainly four dry periods are identified in the seriand the trends are
upward during the last 3 years. Particularly 198900, 2006 and 2008
were the dominant dry years in the basin where stiratl the stations
experienced drought to some extent during thosesyea
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Fig. 22-3 Temporal variations of precipitation series foe selected stations.

Drought Analysis

Various approaches have been developed over the te@aefine and
assess drought in an area. Typically using singleombined climate and
hydrological parameters, drought indices basedliomte and hydrologic
parameters, and vegetation indices are the mosmoomapproaches to
assess drought. Palmer Drought Severity Index (PDStandardized
Precipitation Index (SPI), Percent of Normal andpCMoisture Index are
typical drought indices that are commonly used liaught assessment.
Usually, the complexity of the desired analysis #reldata availability are
the main factors in deciding which index to use.

The impact of precipitation deficiency on watera@ses varies on a
temporal scale. While soil moisture responds teiprgation anomalies on
a relatively short scale, most other water storagash as groundwater,
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streamflow, and reservoir storage, reflect longemt precipitation

anomalies. McKee et al. (1993) developed SPI totifiyathe precipitation

deficit for multiple time scales to reflect impaxftprecipitation deficiency

on different water suppliers. The different timdesaseasons) for which
the index is computed (such as 3, 6, 12 and 22m@me associated with
different types of drought: the shorter seasons dgricultural and

meteorological drought and the longer seasons ydrdfogical drought.

Guttman (1998) argued that the SPI is better inpaeon of drought for

different regions. Analysis of extreme drought @geshowed that the SPI
provided a better spatial standardization tharPh&| (LIoyd-Hughes and
Saunders, 2002). Given the advantages of the istendardization, the
SPI has been largely used operationally to moritonate conditions

worldwide.

SPI index values to reflect intensity and occuresnof past drought
conditions were computed using the precipitationadaf Bozcaada,
Edremit, Ayvalik, Dikili, Burhaniye and Bergama tit@s located in the
basin for the 1975-2009 period at 3, 6, 12 and 2Bt time scales.
Initially, more than 20 stations in the basin avesre considered to be
included in the drought analysis. However, quatiheck and minimum
30-year data series requirement for the SPI calouklimited the number
of the stations used in the analysis to 6 (Fig4dR2Bozcaada station was
treated as part of the Northern Aegean basin adffduis located outside
the actual basin boundaries.

Fig. 22-4 Locations selected for the drought analysis
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Methodology

In first part of the study, SPI index values wemsmputed to reflect
intensity and occurrences of drought using the ipitation data of
Bozcaada, Edremit, Ayvalik, Dikili, Burhaniye andemgama stations
located in the basin for the 1975-2009 period a6,312 and 22-month
time scales. The computations are handled by soétwaveloped at the
Turkish State Meteorological Service in Delphi lhsen the SPI
methodology described by McKee and others (1993).

Calculation of the SPI

The SPI computation is based on the long-term pitation data for
the desired time scale. Simply, it is calculatedtddsing the difference of
the precipitation from the mean for a particulamdi scale and then
dividing it by the standard deviation.

X X

d @)

SPI =

The SPI is a dimensionless index where negativeiegalindicate
drought and positive values wet conditions respelti To compute the
SPI index, first a long-term time series of pret@fon is generated and
then the long-term data are fitted to a gamma foitihadensity function
to a given frequency distribution of precipitatitotals for a station. The
gamma probability density function parameters asgnmted for each
station, for each time scale of interest (3 montf&smonths, 48 months,
etc.) and for each month of the year. The resulfacameters are then
used to determine the cumulative probability ofodaserved precipitation
event for the given month and time scale for tlaticst in question. At the
last stage of the computations, the cumulative glhdity is transformed to
the standard normal random variable Z with zerommead variance of
one. The more detailed computation of the SPI neafobnd in Guttmann
(1998). McKee et al. (1994) defined the criteria &"drought event" for
any of the time scales and classified the SPI finelevarious drought
intensities (Table 22-1).

The monthly precipitation time series are modeliesing different
statistical distributions. The probability distriinn function is determined
from the long-term record by fitting a gamma fuoatito the data. The
gamma distribution is defined as:



Drought Assessment of the Kaz Mountains and SudiognArea 251

Xa—lex/ﬁ

£r(a) For x>0 2)

g(x) =

where o is a shape parametdl,is a scale parameter and x is the
precipitation amount.['(a) defines the gamma function. Detailed
procedures of the calculation of the above parametan be found in
Guttmann (1998) and Lloyd-Hughes and Saunders (2002

Table 22-1: Drought Categories defined for SPI vales

SPI Values Drought Category
0to -0.99 mild drought
-1.00t0 -1.49 moderate drought
-1.50t0 -1.99 severe drought
<-20 extreme drought

Integrating the probability density function witlkespect to x and
inserting the estimates afandf yields an expression for the cumulative
probability G(x) of an observed amount of precifita occurring for a
given month and time scale:

G(x)=Tg(x)dx= al Tx"_le—)‘/'g dx
0 BT (@) 3)

Since the gamma distribution is undefined for x,afid q = P(x = 0) >
0 where P(x = 0) is the probability of zero pretfon, the cumulative
probability becomes

H() =+ (L= 9)G() @

The cumulative probability distribution is then risformed into the
standard normal distribution to obtain the SPI| galat the desired time
scale.

Mann-Kendall Trend Test

In second part of the study, the long-term SPI dhbwseries for the
selected stations were subjected to Mann-Kendatiditest to determine
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trends in the series. The Mann-Kendall test is a-parametric test for
identifying trends in a time series data. It is coomly used to identify
trends in hydrological time series (Yue et al., 200 he test compares the
relative magnitudes of sample data rather thardéta values themselves
(Gilbert, 1987). One advantage of the test is thatdata do not need to
have any particular distribution.

The data values are evaluated as an ordered times.s&ach data
value is compared to all subsequent data values.ifitial value of the
Mann-Kendall statistic, S, is assumed to be 0, (nhe. trend). If a data
value from a later time period is higher than aadatlue from an earlier
time period, S is incremented by 1. On the otherdhdf the data value
from a later time period is lower than a data vataenpled earlier, S is
decremented by 1. The overall result of all suclerdments and
decrements yields the final value of S.

Let1x, 2 X, ... n X represent n data points whereepresents the
data point at time j. Then the Mann-Kendall stati€$) is given by

i=1 j=i+1 (5)

where
1 5% >%
sgn(x; -x)=1 0 ; X; =X
-1 X <X

(6)

A very high positive value of S indicates an insiag trend while a
very low negative value is associated with a destngatrend. A further
step is necessary to compute the probability agsstiwith S and the
sample size, n, to statistically quantify the diigance of the trend
detected.

Kendall (1975) describes a normal-approximatiort that could be
used for datasets with more than 10 values, prdvitiere are not many
tied values within the data set. At the first st8ps calculated as described
in Equation 5. Then the variance of S, Var(S), édcdated by the
following equation:

n(n-)(@n+ 5)'itp(tp D&, +9
18 (7

Var@)=
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where n is the number of data points, g is the rarmobtied groups (a tied
group is a set of sample data having the same yalnd tp is the number
of data points in the pth group. In the sequenge3{Zon-detect, 3, non-
detect, 3}, we have n=6, g =2, t1 =2 for the notedts, and t2 =3 for the
tied value 3. Next step is to compute a normalifest statistic Z as
follows:

JVar(s)
Z= 0 ; S=0
S+1

<0

JVar(S) ®)

Then the probability associated with this normalizest statistic is
computed. The probability density function for amal distribution with
a mean of 0 and a standard deviation of 1 is givgrthe following
equation:

¥

]

|

F@) =—¢

~iw

)(©

A negative Z refers to decreasing trend if the coteg probability is
greater than the level of significance. The tremddid to be increasing if
the Z is positive and the computed probability ieager than the level of
significance. If the computed probability is lessart the level of
significance, it is concluded that there is no dren

Partal and Kahya (2006) applied Mann-Kendall tordgdonal rainfall
series and found significant decreasing trendshénrhonths of January,
February and September. They also concluded thadrthual precipitation
exhibited decreasing trends in coastal parts ofcthentry on a regional
basis.

Drought Occurrences

Drought occurrences at the selected 6 sites haeea bevestigated
based on the frequency of the events for each dtaizgegory at multiple-
time scales for the 1975-2009 period. In this studg 1-3 month SPI is
associated with representation of short-term drtjghknown as
meteorological drought. On the other hand, 6-9 mmd@®I| characterizes
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agricultural drought, and finally 12-month and lengtime scale SPI
represents hydrological drought (Serrano and Mqr2@e5).

Analysis of Drought Occurrences for Mild Droughts

Drought occurrences over the Northern Aegean hiadioate that the
mild droughts tend to occur in Edremit and Burhargy high frequencies
at 1-month time scale while other coastal statiares characterized with
the lowest frequencies at the same temporal séadgire 22-5 shows
percentage of drought occurrences for short terougtits at 1-3 month
time scale and indicates that the drought occueemary between 23%
and 33%. As the time scale increases to 12 mop#rsentage of drought
occurrence decreases down to 3%. The drought @rwervaries between
9.5% and 22.5% for medium term droughts (6-9 mdintke scale). On the
other hand, they reach almost 10% for long ternugints (12-month and
longer time scales). Overall Edremit and Burharaye the most effected
settlements from meteorological droughts.

Mild Drought Category
40

30

'/-- -l— -

— — il =
00

— — —I III N sl |7

Percent occurrence(%)

° 1-month 3-month 6-month 9-month 12-month
= Bozcaada 29 25 19 11 7
Edremit 32 27 22 15 10
" Ayvalik 32 26 18 10 5
=Dikili 27 23 16 9 3
® Burhaniye 33 25 15 10 6
Bergama 28 25 18 12 6

Fig. 22-5 Percentages of mild drought occurrences at 6, 9, 12 and 22-month
time scales (SPI values between 0.0 and -0.99)




Drought Assessment of the Kaz Mountains and SudiognArea 25k

Moderate drought
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1-maonth 3-month A-month 9-manth 12-manth 24-month

®Bozcaada 8 6 3 3 3 2
“Edremit 10 7 5 3 2 2
" Ayvalik 6 7 2 1 1 0
=Dikili 6 7 1 2 1 0
= Burhaniye 8 9 5 3 2 2
Bergama 8 7 5 2 2 2

Fig. 22-6 Percentages of the moderate drought occurrenices3 6, 9, 12 and
22-month time scales (SPI values between -1.0 hd®)

1

Percent occurrence(%)

Severe Drought Category

O i

° 1-month 3-month 6-month 9-month 12-month
= Bozcaada 3 3 3 1 1
= Edremit 4 4 3 3 2
" Ayvalik 3 2 3 2 1
=Dikili 4 3 3 1 2
= Burhaniye 4 3 2 3 2
Bergama 4 2 2 1 1

Fig. 22-7. Percentages of the severe drought occurrencks&t6, 9, 12 and 22-
month time scales (SPI values between -1.5 andl -2.0




256 Chapter Twenty Two

Analysis of Drought Occurrences for Moderate Drougls

Percentages of moderate drought occurrences fat &1, medium
term, and long term droughts are 6-9.5%, 1-5%, @&8&o respectively at
the selected stations (Fig. 22-6). At this categ@&gremit is exposed to
moderate drought compared to most of the othertitota Edremit,
Burhaniye and Bergama are especially exposed tizcudtmiral drought.
Edremit particularly has maximum drought occurreniceall time scales.
On the other hand, Dikili experiences the leastight occurrences in all
time scales.Analysis of Drought Occurrences foregepdroughts

Drought occurrences in this category indicate tbavere drought
occurrences at multiple-time scales have genetiadlylowest values (Fig.
22-7). There is usually 1 every 50 years and tlselt® indicate that the
severe drought is not likely effective in the ragi®ikili and Bergama are
characterized with higher severe drought occurretitan the others for 1-
month time scale. Edremit suffers from both agtimal and hydrological
droughts at medium time scale (Fig. 22-7).

Table 22-2: Stations identified with highest occurences at moderate,
mild and severe drought categories

Mild Bozcaadal Edremit | Ayvalik | Dikili |Burhaniye | Bergama

1-month v

3-month

6-month

9-month

12-month

ANIRNERNENEN

24-month

Moderate

A\

1-month

3-month v v

6-month v

9-month v

12-month v

24-month v

Severe

1-month v

3-month

6-month

9-month

AVRRNERN

12-month

24-month
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The overall results indicate that Edremit has tigldst rate, especially

at moderate and severe drought occurrences ambtite atations (Table
22-2).

Trend Analysis

In the second part of the study, the Mann-Kendadt tis used to
analyse temporal and spatial trends in the SPiind&ies for the selected
time scales (Table 22-3). Dikili, Burhaniye and @mma are mostly
characterized by a decreasing trend for long temoughts, whereas
Bozcaada indicates increasing trends. Burhaniye Bedjama present
decreasing trends for medium term droughts, whidecBada demonstrates
increasing trends. There are no trends found atohtimtime scale.
Interestingly, Edremit did not indicate any sigcént trends at any time
scale. It is observed that in general the obsedredghts tend to portray
decreasing trends as the time scale increases.

Table 22-3: Mann-Kendall trend test results implemated at 1, 3, 6, 12
and 24-month time scales.

Station SPI-1 SPI-3 SPI-6 SPI-12 SPI-24
Bozcaada no trend increasing  increasing increasingo trend
Edremit no trend no trend no trend no trend noctren
Ayvalik no trend decreasing no trend no trend no trend
Dikili no trend no trend no trend no trend decregsi
Burhaniye no trend no trend decreasing no trend redsing
Bergama no trend no trend decreasing  decreasing tremd
Results

Overall, the results indicate that the Northern éeybasin was under
influence of mild droughts during the last threeattes. Severe and very
severe drought occurrences were relatively uncomimonhe region.
Nevertheless, coastal stations such as Burhaniye&edremit are likely to
be influenced by drought at higher frequencies aapared to the inner
locations. Mann-Kendall trend analysis for theietet at different time
scales indicated that Dikili, Burhaniye and Bergastetions experienced
decreasing drought trends at longer time scales gi@ 22-month).
Bozcaada station was noted to display increasiagds at short time
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scales. No significant trends were observed at fitmtme scale in any of
the stations across the basin.

Both agricultural and hydrological droughts havesbenoted in the
basin area since 1970s. The drought also portragegng trends in the
region. Dikili, Burhaniye and Bergama are mostlyadtterized by
decreasing trends for long term droughts, whereazc#ada is
characterized by increasing trends. Edremit didmaitate any significant
trends at any time scale. As the time scale inedkagn general the
drought conditions tended to portray decreasingdse

Rainfall variations in western parts of Turkey dvighly related to
cyclonic activities originating from the Mediterean Sea. Therefore,
seasonal droughts observed over the basin areelaa®ly connected to
timing, intensity and frequency of such cyclonididties. This matter
requires further research.

Certainly the drought can have adverse impacts cedpe for the
agricultural activities in the basin area. Therefat is important to take
timing and degree of dryness into consideratioplamning the agricultural
activities at irrigated and non-irrigated fields tie basin. Lack of
moisture conditions associated with the observedgtt in the region can
make the natural and socio-economic system of the Mountains and
the surrounding area more vulnerable to projecteahges in climate.
Therefore drought variability in the area shoulddeasidered as part of
land-use management, regional planning, forestryl agricultural
activities in the area, especially in light of thepected climate change in
the future.

References

Atalay, I. (1994). Vegetation Geography of TurkBge Univ. Publ. Izmir,
Turkey.

Gilbert, R.O. (1987). Statistical Methods for Emvimental Pollution
Monitoring, Van Nostrand Reinhold Co. New York, 320

Guttman, N.B. 1998. Comparing the Palmer Droughdei and the
Standardized Precipitation Index. J. Amer. Watesdre. Assoc., 34,
113-121.

Kendall, M.G. (1975). Rank Correlation Method¥. edl. Charles Griffin,
London.

Kizilgagglu, A. (1995). Balikesir ve Cevresiniiklimi., Deniz Bil. velsi.
Ens.,Yiiksek Lisans Tekstanbul (unpublished- in Turkish).

Lloyd-Hughes, B., M. A. Saunders. (2002). A drouglimatology for
Europe, International Journal of Climatology, 2371-1592.



Drought Assessment of the Kaz Mountains and SudiognArea 25¢

McKee, T. B., Doesken, N. J., Kleist, J. (1993).eTtelationship of
drought frequency andduration to time steps, PnenrB" Conference
on Applied Climatology, January 17-22 Anaheim, foatiia, pp. 179—
184.

Partal, T., Kahya, E. (2006). Trend Analysis inKisin Precipitation Data.
Hydrology Process. 20(9), pp:2011-2026.

Serrano, S.M., Moreno.,J. I. (2005). Hydrologicasponse to different
time scales of climatological drought: and evalmatiof the
standardized precipitation index in a mountainougdNérranean
basin. Hydrol. Earth Sys. Sci. Discuss., 2, 1224612

Soénmez, F.K.., Komici, A.U., Erkan, A., Turgu, E. (2005). An Analysis
of Spatial and Temporal Dimension of Drought Vultgly in Turkey
Using the Standardized Precipitation Index, Natttatards, 35, 243-
265.

Tlrkes, M. (1999). Vulnerability of Turkey to Desertifitan With
Respect toPrecipitation and Aridity Conditionsofl Engineering and
Environmental Science 23 (1999), 363 — 380

—. (2000). El Nifio-Guneyli Salinim ekstremleri vdirkiye'deki yasis
anomalileri ile ilgkileri (Extremes of the El Nifio-Southern Oscillatio
and their connections with rainfall anomalies irrkay). Cevre, Bilim
ve Teknoloji, Teknik Dergi, 1: 1-13(in Turkish)

—. (2010). Klimatoloji ve Meteoroloji. Kriter Yayevi.istanbul, Tiirkiye
(in Turkish)

UNCCD. (1995). The United Nations Convention to @an
Desertification in those Countries Experiencing i@es Drought
and/or Desertification, Particularly in Africa. Texvith Annexes,
United Nations Environment Programme (UNEP), Geneva

Yue, S., Pilon, P., Cavadias, G. (2002). Powerhef Mann-Kendall and
Spearman’s rho Tests for Detecting Monotonic Trendsydrological
Series. Journal of Hydrology, 259(1):254-271.





