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ABSTRACT

Eastern Black Sea Region in northeastern part of Turkey has the highest precipitation total in the country, approaching
2500 mm per a year. It is therefore an important region as it frequently encounters with flash floods due to heavy rains.
For future planning of water resources, environment and urbanization, it is important to know the expected behavior of
hydrometeorological processes, mainly precipitation and flow. Due to these facts, in this study, homogeneity of
long-term annual precipitation and streamflow series of the Eastern Black Sea Region, Turkey is checked using double
mass curve method and trends are determined by means of the Mann-Kendall test. The data network consists of 38 pre-
cipitation gauging stations and 40 flow gauging stations across the Eastern Black Sea Region. It is found that 27 pre-
cipitation stations out of 38 are homogeneous and no trend is available. Out of the remaining stations, nine are found
non-homogeneous and four with trend. For annual flow data, it is found that 22 stations out of 40 are homogeneous and
no trend is available. The remaining 18 stations are found non-homogeneous, among which 5 stations have trend at the
same time.
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1. Introduction

Use of precipitation and flow data in water resources
assessment, hydrological modeling, climate change stud-
ies, and urban and environmental planning of a region is
a must. Network of precipitation and flow stations is not
well-distributed in undeveloped/developing countries [1]
and in mountainous terrains such that even a station re-
cord is valuable. On the other hand, climate change,
measurement errors, extreme meteorological events af-
fect structural characteristics of the hydrometeorological
time series such as homogeneity and possible trends. In
order to use as many records as available for a region,
structural characteristics of the data should be derived
and evaluated.

There have been many studies regarding homogeneity
and particularly trend availability of various hydromete-
orological data for Turkey. The homogeneity of hydro-
meteorological variables such as precipitation [2,3], tem-
perature and relative humidity [3] has been previously
investigated for Turkey. Similarly, trend analysis has
been performed on precipitation [4-8], temperature [6,
9-12], solar radiation [13], streamflow [6,14-17]. The re-
sults of these studies vary depending on the number of
stations, record period and statistical test used. A com-
mon point is to classify a station as homogeneous or
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non-homogeneous and/or to determine trend availability
and characteristics of the observed data mostly for evi-
dence of climate change. However, no comparison has
been made between original (observed) and homoge-
nized and trend-removed data. Such a comparison pro-
vides one to use as many records as available, instead of
ignoring any data which have inconsistency and/or trend.

Therefore, in this study, first, the homogeneity and
trend availability of the precipitation and streamflow data
for the Eastern Black Sea Region, Turkey are investi-
gated. The results of the data analysis are then compared
to that of aforementioned studies. Secondly, the observed
data from non-homogeneous stations are homogenized
and if available, trends are removed. By this way, the
difference between observed and adjusted data can be
evaluated.

2. Study Area and Data

The coastal part of the Eastern Black Sea Region which
is located in the north east of Turkey, between 40°31' -
41°24'N and 38°08' - 41°26'E is selected as study area.
This coastal part of the region covers an area bordered
with the Eastern Black Sea Mountain chain to the south
and the Black Sea to the north as seen in Figure 1. These
high mountain ranges run parallel to the sea coast as the
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Figure 1. Study area and locations of the precipitation and flow stations.

north boundary of the study area, and rise to more than
3000 m above mean sea level (MSL). The Black Sea
Region has a steep rocky coast with some rivers that
cascade through the gorges of the coastal ranges.

In the coastal area of the Eastern Black Sea Region,
mild and humid climate dominates. Snowfall may be
seen in winter. Yearly average temperature is about 14°C -
15°C in the coastline, however it decreases with in-
creasing elevation. The average precipitation of the coastal
area of this region is more than 1000 mm.

Mean annual precipitation and mean annual flow ob-
servations are used in this study. Precipitation data were
taken from 38 observation stations of which 19 are lo-
cated on the coastline of the area. Mean annual flow ob-
servations are obtained from 40 flow stations. Locations
of the stations are shown in Figure 1 where precipita-
tion stations are numbered from 1 to 38 and flow stations
from 1 to 40 starting from west to east. Characteristics of
the observation stations are shown in Table 1. Numbers
in the column of “No” in Table 1 corresponds to num-
bers on the map in Figure 1.

The length of precipitation data ranges from 10 to 46
years between 1960 and 2005, whereas the flow record
length ranges from 10 to 49 years between 1944 and
2006 with some gaps in the data. To complete the gap in
any station, regression equations were developed using
continuous data from the neighboring stations. The ob-
served flow is not influenced by any upstream dam or
water.

3. Tests Employed

The homogeneity of precipitation and flow data is ch-
ecked using double mass curve. The double mass curve is
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a well-known simple tool for checking and adjusting in-
consistencies in hydrometeorological data caused by
changes in observation methods or data processing. The
theory of double mass curve is based on a graph of ac-
cumulation of one quantity against the accumulation of
another during the same period. If the process is homo-
geneous, the graph plots a straight line. A break in slope
of the line indicates a change in the constant of propor-
tionality between the two variables [18]. In hydrological
studies, double mass curve may give indefinite results
such that it is unable to say which of the variables caused
a break in the slope. In order to obtain more definite re-
sults, the accumulations of one of the variables can be
plotted against the accumulations of a pattern composed
of all similar records in a given area.

For determination of trends in precipitation and flow
data for the region the Mann-Kendall test is employed.
The Mann-Kendall test is a non-parametric rank-based
method which does not require the normal distribution of
data. It is robust to the effects of outliers and allows ex-
istence of missing data (as only ranks are used). The ba-
sic principle of Mann-Kendall test for detecting a trend in
a time series is to examine the sign of all pair wise dif-
ferences of observed values. The Mann-Kendall test has
been widely used to detect trends in hydro-meteorology-
cal time series [5,14,19-23] and is well documented in
the literature [24,25].

4. Results and Discussion

Results of the tests employed for the precipitation data
are analyzed. It is found that 29 stations out of 38 are
homogeneous with no change in the slope of the double
mass curves. For the remaining 9 precipitation stations,
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Table 1. Characteristics of precipitation and flow stations.
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Precipitation Stations

Flow Stations

No Station name Elevation (m) Operated by" No Station name Elevation (m)  Area (km®)  Operated by®
1 Sofulu 600 DSI 1 Ikisu 1037 317.2 EIE
2 Bulancak 10 DMI 2 Ikisu 990 292.7 DSI
3 Tamdere 1700 DSI 3 Alancik 700 470.2 DSI
4 Giresun 38 DMI 4 Dereli 248 713 EIE
5 Sinir 750 DSI 5 Sinirkoy 650 296.9 DSI
6 Tirebolu 70 DMI 6 Tuglacik 400 397.9 DSI
7 Gorele 20 DMI 7 Hasanseyh 370 256.8 DSI
8 Eynesil 10 DMI 8 Suttasi 188 124.9 DSI
9 Vakfikebir 25 DMI 9 CucenKopru 240 162.7 DSI
10 Tonya 900 DMI 10 Bahadirli 17 191.4 EIE
11 Duzkoy 850 DMI 11 Ikisu 1450 149.6 DSI
12 Guzelyayla 1250 DSI 12 Ormanustu 770 150 DSI
13 Akcaabat 6 DMI 13 Ortakoy 380 261 DSI
14 Macka 300 DMI 14 Kanlipelit 257 708 EIE
15 Trabzon 30 DMI 15 Ogutlu 160 728.4 DSI
16 Kayaici 1050 DSI 16 Ciftdere 250 121.5 DSl
17 Arsin 10 DMI 17 Aytas 510 4212 DSI
18 Dagbasi 1450 DMI 18 Findikli 258.6 258.6 DSI
19 Arakli 10 DMI 19 Agnas 78 635.7 EIE
20 Surmene 12 DMI 20 Ortakoy 150 173.6 DSI
21 Koknar 1218 DSI 21 Alcakkopru 700 243 DSI
22 Caykara 264 DMI 22 Ulucami 260 576.8 DSI
23 of 9 DMI 23 Serah 1170 154.7 DSI
24 Uzungol 1110 DMI 24 Yenikoy 470 171.6 DSI
25 Kalkandere 400 DMI 25 Cevizlik 400 1159 DSI
26 Rize 9 DMI 26 Simsirli 308 834.9 EIE
27 Ikizdere 800 DMI 27 Komurculer 250 83.3 DSI
28 Sivrikaya 1650 DSI 28 Toskoy 1296 223.1 EIE
29 Cayeli 10 DMI 29 Derekoy 942 4452 EIE
30 Kaptanpasa 525 DMI 30 Toskoy 1210 284.3 DSI
31 Pazar 79 DMI 31 Kaptanpasa 480 231.2 DSI
32 Hemsin 500 DSI 32 Cat 1250 2717.6 DSI
33 Meydan 1100 DSI 33 Konaklar 300 496.7 DSI
34 Ardesen 10 DMI 34 Topluca 233 762.3 EIE
35 Tunca 500 DSI 35 Mikronkopru 370 239.2 DSI
36 Findikli 100 DMI 36 Kemerkopru 230 302.2 DSI
37 Hopa 33 DMI 37 Arili 150 92.15 DSI
38 Kemalpasa 75 DMI 38 Koprubasi 60 156 DSI
39 Baskoy 75 186.2 DSI
40 Kucukkoy 310 66.37 DSI

DM (State Meteorological Service), DSI (State Hydraulics Works), EIE (Electrical Power Resources Survey and Development Administration) with Turkish

acronym.
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there are inconsistencies observed. To adjust inconsistency
in any precipitation station, a correction factor is estimated
by comparing cumulative annual mean precipitation data
of non-homogenous stations with remaining stations,
thus the precipitation data can be considered as homoge-
nous after correction. An example of this process is
shown in Figure 2 for Tamdere (3) precipitation station
[Numbers in parenthesis show station number]. Mann-
Kendall trend test is then applied to the corrected pre-
cipitation data of 9 precipitation stations together with
that data of 29 homogenous stations. Upward trends are
found in Giresun (4) and Trabzon (15) stations whereas
downward trends are observed in Tamdere (3) and
Macka (14).

In a previous study [5] in which Giresun (4), Trabzon
(15) and Rize (26) were used as common stations, no
trend was found in Giresun (4) and Trabzon (15) whereas
a trend was obtained in Rize (26). The beginning of the
trend for Rize (26) was determined as 1952. Note also
that the data record length in the study by [5] ranges from
1929-1993, while in this study it covers only the years
between 1960 and 2005.

Giresun (4), Akcaabat (13), Trabzon (15), Rize (26),
Pazar (31) and Hopa (37) stations in the Eastern Black Sea
Region were used in another study [2] where precipita-
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tion data in the stations were found homogenous except
for Giresun (4) and Akcaabat (13). Sahin and Cigizoglu
[3] found that Trabzon had inhomogeneous precipitation
data covering period from 1974 to 2002.

Comparison of the results of previous and current
study are given in Figure 3 including record periods and
stations used.
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Figure 2. Double mass curve of Tamdere (3) precipitation
station.
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Figure 3. Results of previous and current study and the difference between original and adjusted precipitation data in percent.
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Available upward/downward trends are removed from
the precipitation data of 4 stations in order to compare
adjusted data with observations (Figure 4). In this man-
ner, in addition to determination of non-homogenous
and/or trend-available stations, the difference between
adjusted and observed data can clearly be recognized.

Positive and negative differences between adjusted and
observed annual precipitation data are found as +16.2% and
—27.6%, respectively. The difference between observed
and adjusted data is shown in Figure 3 with the results of
available upward/downward trends. In Figure 3, stations
are arranged in ascending order based on their precipita-
tion values.

For streamflow data, it was found that 22 stations out
of 40 are homogeneous. For the remaining 18 stations,
streamflow data are non-homogeneous. Streamflow data
has been corrected using double mass curve in these 18
stations, Mann-Kendall trend test is then performed to all
flow stations. Only downward trends are observed in
Kanlipelit (14), Findikli (18), Agnas (19), Toskoy (28)
and Topluca (34) stations.

In a previous study [15], no trend was found in the
Eastern Black Sea Region according to the results of the
parametric and Mann-Kendall tests applied on mean an-
nual flow data of 12 flow stations operated by EIE with
record lengths changing from 25 to 66 years.

In another previous study [14] on trend analysis of
streamflow in Turkey, Dereli (4), Simsirli (26), Toskoy
(28) and Topluca (34) were used as common stations, no
trend was found. However, in this study a downward

trend was found in stations Toskoy (28) and Topluca (34).

Note that the data record length in [14] ranges from 1964
to 1994 while in this study, it covers a longer period be-
tween 1944 and 2006. From Table 1, one can realize that
there are two stations named Toskoy (28 and 30) on the
same stream. A trend was found in station (28) whereas
no trend was available in (30). Trend was found when
data in (28) was homogenized. In addition, data length is

1800

38 years from 1965 to 2002 for station (28) and 10 years
from 1986 to 2001 for (30). This shows the effect of data
length on trend analysis and also depicts how controver-
sial results can be obtained for the same region.

Reference [16] studied the trend detection over Turkey.
For Eastern Black Sea Region, mean annual flow from
the stations Agnas (19), Dereli (4), Simsirli (26), Topluca
(34), and Toskoy (28) were used. Insignificant downward
trend was found in the stations (19, 34, 28) and down-
ward trend determined in (26) was found significant. No
trend was found in (4). It should be pointed out once
again that the data period is between the years of 1968-
97.

After removing available trends from the data, positive
and negative differences between adjusted and observed
annual mean streamflow are found as +17.5% and —8.6%,
respectively. The difference between observed and ad-
justed data is shown in Figure 5 together with the results
of available downward trends. In Figure 5, stations are
arranged in ascending order based on their flow values.

5. Conclusions

In this study, homogeneity and trend-availability of mean
annual precipitation and streamflow data of the Eastern
Black Sea Region, Turkey were investigated by means of
double mass curve method and Mann-Kendall trend test.
The results are compared to previous studies on precipi-
tation and streamflow data network across Turkey for
different time periods. This comparison shows the effect
of data length on trend analysis and also depicts how
different results can be obtained for the same region.
Precipitation and streamflow data which have been
found non-homogeneous, were first homogenized and
trend, if available, was removed. The differences be-
tween observed and adjusted mean annual precipitation
and streamflow data were calculated. Instead of only de-
tection of inconsistency and/or trend in a station record,
determination of difference between adjusted data and
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Figure 4. Original, corrected and adjusted precipitation data of Tamdere (3) station.
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Figure 5. Results of previous and current study and the difference between original and adjusted flow data in percent.

observations is more helpful to decide which station re-
cord should be used or ignored in any hydrological and
water resources application. For undeveloped and devel-
oping countries, and particularly in mountainous regions
where the station network is generally inadequate, rather
than ignoring any non-homogenous station record, it is
suitable to follow the homogeneity and trend analysis
results. When the difference between observed and ad-
justed data is below a specified limit, then the data set
can be used with their original observation values.

REFERENCES

IPCC, “Climate Change 2001: Impacts, Adaptation, and
Vulnerability. Contribution of Working Group II to the
3rd Assessment Report of the Intergovernmental Panel on
Climate Change,” Cambridge University Press, Cambridge,
2001.

0. M. Gokturk, D. Bozkurt, O. L. Sen and M. Karaca,
“Quality Control and Homogeneity of Turkish Precipita-
tion Data,” Hydrological Processes, Vol. 22, No. 16,
2008, pp. 3210-3218. doi:10.1002/hyp.6915

S. Sahin and H. K. Cigizoglu, “Homogeneity Analysis of

(3]

Copyright © 2012 SciRes.

Turkish Meteorological Data Set,” Hydrological Proc-
esses, Vol. 24, No. 8, 2010, pp. 981-992.
doi:10.1002/hyp.7534

M. Turkes, “Spatial and Temporal Analysis of Annual
Rainfall Variations in Turkey,” International Journal of
Climatology, Vol. 16, No. 9, 1996, pp. 1057-1076.
doi:10.1002/(SICI)1097-0088(199609)16:9<1057::AID-J
0C75>3.0.CO:2-D

T. Partal and E. Kahya, “Trend Analysis in Turkish Pre-
cipitation Data,” Hydrological Processes, Vol. 20, No. 9,
2006, pp. 2011-2026. doi:10.1002/hyp.5993

H. Aksoy, N. E. Unal, V. Alexandrov, S. Dakova and J.
Yoon, “Hydrometeorological Analysis of Northwestern
Turkey with Links to Climate Change,” International
Journal of Climatology, Vol. 28, No. 8, 2008, pp. 1047-
1060. doi:10.1002/joc.1599

M. Turkes, T. Koc and F. Saris, “Spatiotemporal Vari-
ability of Precipitation Total Series over Turkey,” Inter-
national Journal of Climatology, Vol. 29, No. 8, 2009, pp.
1056-1074. doi:10.1002/joc.1768

F. Saris, D. M. Hannah and W. J. Eastwood, “Changes in
Precipitation and River Flow in Northeast Turkey: Asso-
ciations with the North Atlantic Oscillation,” Proceedings
of the 6th World FRIEND Conference, Fez, 25-29 Octo-

JWARP


http://dx.doi.org/10.1002/hyp.6915
http://dx.doi.org/10.1002/hyp.7534
http://dx.doi.org/10.1002/%28SICI%291097-0088%28199609%2916:9%3C1057::AID-JOC75%3E3.0.CO;2-D
http://dx.doi.org/10.1002/%28SICI%291097-0088%28199609%2916:9%3C1057::AID-JOC75%3E3.0.CO;2-D
http://dx.doi.org/10.1002/hyp.5993
http://dx.doi.org/10.1002/joc.1599
http://dx.doi.org/10.1002/joc.1768

[10]

[11]

[12]

[14]

[15]

[16]

E.ERIS ET AL.

ber 2010, IAHS Publ.340.

M. Turkes, U. M. Sumer and G. Kilic, “Variations and
Trends in Annual Mean Air Temperatures in Turkey with
Respect to Climatic Variability,” International Journal of
Climatology, Vol. 15, No. 5, 1995, pp. 557-569.
d0i:10.1002/j0c.3370150507

M. Kadioglu, “Trends in Surface Air Temperature Data
Over Turkey,” International Journal of Climatology, Vol.
17, No. 5, 1997, pp. 511-520.
doi:10.1002/(SICI)1097-0088(199704)17:5<511::AID-JO
C130>3.0.CO:2-0

M. Tayanc, H. N. Dalfes, M. Karaca and O. Yenigun, “A
Comparative Assessment of Different Methods for De-
tecting Inhomogeneities in Turkish Temperature Data Set,”
International Journal of Climatology, Vol. 18, No. 5,
1998, pp. 561-578.

doi:10.1002/(SICT)1097-0088(199804)18:5<561::AID-JO
C249>3.0.CO:2-Y

M. Turkes, U. M. Sumer and G. Kilic, “Re-Evaluation of
Trends Changes in Mean, Maximum and Minimum Tem-
peratures of Turkey for the Period 1929-1999,” Interna-
tional Journal of Climatology, Vol. 22, No. 8, 2002, pp.
947-977. doi:10.1002/joc.777

B. Aksoy, “Variations and Trends in Global Solar Radia-
tion for Turkey,” Theoretical and Applied Climatology,
Vol. 58, No. 1-2, 1997, pp. 71-77.
doi:10.1007/BF00867433

E. Kahya and S. Kalayci, “Trend Analysis of Streamflow
in Turkey,” Journal of Hydrology, Vol. 289, No. 1-4,
2004, pp. 128-144. doi:10.1016/j.jhydrol.2003.11.006

H. K. Cigizoglu, M. Bayazit and B. Onoz, “Trends in the
Maximum, Mean and Low Flows of Turkish Rivers,”
Journal of Hydrometeorology, Vol. 6, 2005, pp. 280-290.
doi:10.1175/JHM412.1

F. Topaloglu, “Trend Detection of Streamflow Variables
in Turkey,” Fresenius Enviromental Buletin, Vol. 15, No.

Copyright © 2012 SciRes.

[17]

(18]

(20]

(22]

(23]

105

7, 2006, pp. 644-653.

H. Aksoy, “Hydrological Variability of the European Part
of Turkey,” Iranian Journal of Science and Technology,
Transaction B, Engineering, Vol. 31, No. B2, 2007, pp.
225-236.

J. K. Searcy and C. H. Hardison, “Double Mass Curves.
Manual of Hydrology: Part 1. General Surface Water
Techniques,” US Geological Survey, Water-Supply Paper
1541-B, 1960.

R. M. Hirsch, J. R. Slack and R. A. Smith, “Techniques
of Trend Analysis for Monthly Water Quality Data,” Wa-
ter Resources Research, Vol. 18, No. 1, 1982, pp. 107-
121. doi:10.1029/WR018i001p00107

R. M. Hirsch and J. R. Slack, “Non-Parametric Trend
Test for Seasonal Data with Serial Dependence,” Water
Resources Research, Vol. 20, No. 4, 1984, pp. 727-732.
doi:10.1029/WR020i006p00727

D. P. Lettenmaier, E. F. Wood and J. R. Wallis, “Hydro-
Climatological Trends in the Continental United States,
1948-1988,” Journal of Climate, Vol. 7, 1994, pp. 586-
607.
d0i:10.1175/1520-0442(1994)007<0586:HCTITC>2.0.C
0:2

X. Zhang, L. A. Vincent, W. D. Hogg and A. Niitsoo,
“Temperature and Precipitation Trends in Canada during
the 20th Century,” Atmosphere Ocean, Vol. 38, No. 1,
2000, pp. 395-429. doi:10.1080/07055900.2000.9649654

S. Yue and M. Hashino, “Temperature Trends in Japan:
1900-1996,” Theoretical and Applied Climatology, Vol.
75, No. 1-2, 2003, pp. 15-27.

D. R. Helsel and R M. Hirsch, “Statistical Methods in
Water Resources,” Techniques of Water Resources Inves-
tigations, Book 4, Chapter A3, US Geological Survey,
2002.

D. S. Wilks, “Statistical Methods in the Atmospheric
Sciences,” Elsevier, New York, 2006.

JWARP


http://dx.doi.org/10.1002/joc.3370150507
http://dx.doi.org/10.1002/%28SICI%291097-0088%28199704%2917:5%3C511::AID-JOC130%3E3.0.CO;2-0
http://dx.doi.org/10.1002/%28SICI%291097-0088%28199704%2917:5%3C511::AID-JOC130%3E3.0.CO;2-0
http://dx.doi.org/10.1002/%28SICI%291097-0088%28199804%2918:5%3C561::AID-JOC249%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/%28SICI%291097-0088%28199804%2918:5%3C561::AID-JOC249%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/joc.777
http://dx.doi.org/10.1007/BF00867433
http://dx.doi.org/10.1016/j.jhydrol.2003.11.006
http://dx.doi.org/10.1175/JHM412.1
http://dx.doi.org/10.1029/WR018i001p00107
http://dx.doi.org/10.1029/WR020i006p00727
http://dx.doi.org/10.1175/1520-0442%281994%29007%3C0586:HCTITC%3E2.0.CO;2
http://dx.doi.org/10.1175/1520-0442%281994%29007%3C0586:HCTITC%3E2.0.CO;2
http://dx.doi.org/10.1080/07055900.2000.9649654

