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Meteorological Drought in Turkey: A Historical Perspective, 1930-93

Murat Turke s
Turkish State Meteorological Service
Ankara, Turkey

The climate of Turkey, which is mainly characterized by the Mediterr[.. == = T s = = = = *
nean macro climate, results from the seasonal alternation of frontal dep| | <= ¢ % BLAGE —— o  SEA v B
sions with polar air masses and subtropical high pressures with subsig L,;;;Ex@“ﬁuff'r““«ﬁ&fh_ _hwr_;:j“—
maritime tropical and continental tropical air masses. Continental tropifu.t & + s = —t e e L
airstreams from the northern African and Arabian deserts particularly dof (1 _. % =T, . T . A
nate throughout the summer, by causing long-lasting warm (hot) and | |5 & . 3 'I " g‘l:" . - 0
conditions over Turkey (except the Black Sea region and northeast., =" :;I"”:a:?. E, e ¥ ':_5__;. _
Anatolia). Turkey has an area of 779,452land an average elevation of| | e T I .
1,132 m. . (PR ol =L S B

This study outlines some spatial and temporal characteristics of Turkg.,.| 'ﬁ"*.x__ﬂ."_'“k-._m B e ] = wl.
rainfall, particularly in terms of drought and rainfall variability for the perio ~— I:*’ _ - I
1930-93. Mean characteristics of the rainfall data were investigated fo} | pED| TERRAHEAH 5 5 4% ',;‘;Fp[f{*qgfﬁ_}gﬁ:,f
stations, and then variations of Turkey’s 91-station normalized rainfall ser| e '

and spatial distribution of the normalized rainfall index were analyzefu.
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Average record length of these stations is about 60 years. Approximately 6794re 1. Location of the stations and rainfall regime regions of Turkey.
of the countrywide annual rainfall occurs during the cold winter (40%) and

cool spring (26.6%), when the eastern Mediterranean basin, Balkans, andn this study, a normalized rainfall index was used. The normalized

Turkey are influenced by the frontal mid-latitude and Mediterranean depresnfall anomaly Asy) for a given station is computed with
sions. Contributions of autumn and summer rainfall are about 23% and 10%, _

respectively, of the annual total. In area-averaged series for the Mediterra—ASy: (Rsy— R) /o,

nean region, winter rainfall reaches its maximum value at about 53% of the

annual total, and summer rainfall declines to about 4% of the annual total. ™hereR_ is the rainfall total for the statieluring a year (or a season), anc
number of stations in each rainfall regime region is given in Table 1, and Rieindo_ are the long-term mean and standard deviation of the annual|
seasonal) rainfall total for that station, respectively. Descriptions and cla:

location of 99 stations is shown in Figure 1.

Rainfall region Number
of stations
Black Sea(BLS) 9
Marmara—Mediterranean to Black Sea—TransifiptRT) 11
Mediterranean(MED) 24
Continental Mediterranea(CMED) 18
Mediterranean to Central Anatolia Transiti®EDT) 4
Continental Central Anatoli@CCAN) 22
Continental Eastern AnatoligCEAN) 11

Table 1. Rainfall regions and number of stations in each region.

fications of the index are given in Table 2.
The area-averaged normalized rainfall anomAII;) (s defined as

N
A, =/ NS)S:Zl A,

whereN_ is the number of country-wide (or regional) stations operating in| |

yeary.

The Eastern Black Sea and the Western Mediterranean coasts are
wettest areas of the country in winter, with a mean rainfall total of more tr
650 mm. Approximately half of the country has less than 50 mm mean rain

Limit of index

Character of rainfall

1. 76 or more
1.31to 1.75
0.86 to 1.30
0.51t0 0.85
0.50 to -0.50
-0.51 to -0.85
-0.86 to -1.30
-1.31to -1.75
-1.76 or less

Extremely above normal
Very much above normal
Much above normal
Above normal
Near normal
Below normal
Much below normal
Very much below normal
Extremely below normal

Table 2. Normalized rainfall index.

border. Mean annual rainfall totals range from about 300 mm over continental
central Anatolia to more than 1,000 mm along the Western Black Sea, Eastern
Black Sea, and Western Mediterranean coasts (Figure 2). The highest mean
annual rainfall total was recorded at the station of Rize on the Eastern Black
Sea coast, with 2,304 mm. Over the continental Mediterranean region, mean
annual rainfallincreases from south (with about 400 mm) to north (with about
800 mm). The annual rainfall is more than 500 mm over a considerable part
of the continental eastern Anatolia region, and it increases over mountains.

The coefficients of variation of 99 stations were computed to show the
magnitude and spatial pattern of the interannual variability of rainfall totals
over Turkey. The coefficient of variatio@Y) is defined as

CV=(,/ ﬁs) - 100 (per cent)

where R, ando, are the long-term mean annual (or seasonal) rainfall and

standard deviation of the annual (or seasonal) rainfall totals for a station
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in summer, with a minimum of less than 5 mm along the Turkey—Syffigure 2. Spatial distribution of the mean annual rainfall totals over Turkey.
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respectively. In winter, théVsare considerably greater than 35% over most

of Turkey. Variability of summer rainfall is generally greater than 80% ovgr -

the Mediterranean and continental Mediterranean rainfall regions. The ;W TLrEmy paintar

variability of annual rainfall decreases from the southern part of the country, . .3

with a seasonal rainfall regime, to the Black Sea coast, with a uniform rainfall ':

regime (Figure 3). Th€Vs are well above 25% on the Mediterranean coat .oy

and over most of the continental Mediterranean region. h
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The time-series plot for Turkey shows a low-frequency fluctuatign .

around a markedly decreasing mean. Normalized winter rainfall anomalies ! bl

are generally characterized by two major wet periods, 1940-48 and 196270, )| "1

and two major dry periods, 1971-74 and 1989-93 (Figure 4a). After agengral =1

run qf wet conditio_ns from 1935 to 197_0, persisten_tdry conditio_qs markedly AT R R L R :.:ﬁ," T /,ﬁ——?& .

dominated the period 1971-93. For this recent period, dry conditions reaghed f_ﬁjflfﬁi;? J-““x___;w?;ﬂf_f Y

two country-wide peaks of severity in 1973 and 1989. The driest year was “EN :c—- = r:: L; ~ Ty L

1973, with a negative anomaly of -1.50; the wettest year was 1963, with a “—};} s )0 '!;L\\'i__, ,:-*"& o

positive anomaly of +1.80. Normalized annual rainfall anomalies of Turkgy L aally :Qﬂ{f‘::; S {_"-,;'*%"-

generally show three major wet periods—1935-44, 1962—69, and 1975 b Torkaw (anniali 3 et = | E:;,' P

81—and three major dry periods—1955-61, 1970-74, and 1982-93 (ex¢ept R T "{5\(_ .,Lé:’;i”__’“d (S Pl

for two wetter years, 1987 and 1988) (Figure 4b). The driest year was 1932, n LA e T e

with a negative anomaly of -1.40, while the wettest one was 1940, with a : fl | b 1 BEd o o

positive anomaly of +1.30. - | ﬂ'? | ﬂl.u m-|||'|]",+ lE]"'.'." ’

When the dry conditions that dominated over the last 20 years are tgken - I ' ]"[ H\‘:_'.l-:_- | '-\nl-'[ .| S o

into account, it is observed that severe and widespread drought events . l . e e RN« W T

occurred in 1973, 1984, 1989, and 1990. This situation is more evident|for o =?—""{z— = Tﬁ:‘—{}% TR o

winter rainfall. The winter of 1973 was the driest one of the 64-year study T = A — ”:/’

period for many stations. Rainfall was generally below normal over most of B NERTEIRUNY e W A F |f\‘\\ T, e
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Turkey (Figure 5a). Extremely low rainfall anomalies dominated over the b Ve T HLEE "“x___uh A

continental central Anatolia, Mediterranean, and continental Mediterrang¢an RAL O R W “1\_\—{\_ T RS

regions. In winter 1984, drier-than-normal conditions dominated over most m""““*?H ;fh“““-f“;f{%?@ﬁ:ﬁ:uﬁx._d-f"’ LEen
Figure 4. Variations in normalized (a) winter and (b) annual rainfall anomalies over ) o 'j

[~ {:-Af‘;cz.'! I:EI - : e _I:. ' = = all of Turkey. Normalized anomalies are smoothed by the nine-point Gaussian filter . 1269
"l£ -'{_H : G\/ﬁJ -V"«Z - - -: . > ] i,

L g_é_;‘__g—: ____,f N “"‘1:" ?:"; ] : of the cquntry, except the Mediterranean rainfall region (Figure 5_b). Rainfall :: ) “":}Fi_““{frf L\_ﬁ%f :-:1' ) Mfﬁlj:n__h
- - E T Rl ey anomall_esthatwerg very much be.low normal were appar_ent p_arﬂcularly quer .. et = 1::1%1#»; R e ‘.;j!g_ﬂ
< R - ff’f S I.,._:\__-A"::._ the continental Mediterranean region and_thecontlnentalmtenors,alongw!th .1___3 - m.;r]xﬁ%:_—j"ﬁ -Hxa__x" :_, ﬁl'*t‘t‘—f' B

,;E:ﬁ f { I :{! "_“*:i ,,f/ P e the Eastern Black Sea subregion. The winter of 1989 was the second driest s gy F o~ «'._:.:j:fy
el i Cois—T4 one of the study period for many stations. Areas with very much below norral e~ o 7 S R e
y “__:“ e b 'L_:-.:-N_J P R rainfall covered most of Turkey, except the Black Sea coast and the southeast o T e O Y R %“ﬁ;
| T TR L T e L,,‘ﬁ_ﬂ,f’” — corner of the country (Figure 5¢). Extremely low rainfall anomalies occurred TENn T g'f,,'_f__n_;szgh.sl___,_f‘_' g ke vm e

1 — '\ﬁf"/ o generally over the continental central Anatolia, continental eastern Anatdlia, — e Ve
| o C STRIZLTICH OF . . . ) . -
| pzaiTEsRadzay —Frat “CEFF SEHTS oF YasLaTIa and continental Mediterranean regions. Drier-than-normal conditions glso d. 1990
| . S, v | TORARHIALEAHTAL persisted in the winter of 1990, throughout most of the western half of the
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Figure 3. Spatial distribution of the coefficients of variation for annual rainfall over

Turkey.

country (Figure 5d). Extremely dry conditions affected the southwest portiﬁiﬁure 5. Spatial distribution of normalized rainfall index values over Turkey for
of Anatolia winters of (a) 1973, (b) 1984, (c) 1989, and (d) 1990.
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Taking into account the decreased number of depression activities and the
general upward trend in the heights of 700 hPa geopotential level, we have
concluded that anticyclonic circulation has affected Turkey more frequently
during about the last 20 years (Tigk&996c¢). Therefore, abrupt decreases
in rainfall amounts from the early 1970s, particularly in winter, could be
attributed to a possible further northward shift of the polar front from its
normal position. This shift results from a more eastward extension of the
drought-dominated subtropical anticyclones extending from the Azores to
the eastern Mediterranean.
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