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Abstract- The recent increase in the frequency and intensity of the floods resulted from huge precipitation events in Bursa
Province, Turkey, is the main motivation of this study. For this purpose, the daily precipitation values from the historical data
recorded between 1971 and 2000 together with the projected data of the NorESM1-M general circulation model under RCP4.5
and RCP8.5 scenarios between 2031 and 2100 were used to calculate eight extreme precipitation events. The Spearman's rho
and the Mann-Kendall trend tests were used to detect the trend in the indices. The results of the trend tests showed that any
change is not expected in the total amount of the yearly precipitation amount, whereas the occurrence of the intense and short
duration precipitation events is expected to be more probable by the end of the current century, compared to the last 30 years of
the previous century. The positive significant trends were detected in some indices. However, the magnitude of the change in
the climatic parameters and the increase in the number of extreme precipitation events cannot solely explain the increase in the
number of destroying flood events in the province. Other parameters such as the dramatic increase in urbanization as a result of
rapid population growth during the past years (since 1960) may have a more prominent effect on the increase of the flood risk in
the province which is in need of comprehensive modeling and investigation.
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the rainfall events have increased which indicates a significant
change in the precipitation pattern in those regions [2]. For
Turkey, for instance, the projections showed that a decrease is
expected in southern parts and a slight increase in the northern
parts in the total yearly precipitation amount [3]. On the other
hand, as a result of global warming the capacity of the
atmosphere to hold water has been increased which lead to an
increase in the global precipitation [4-9]. In this context, a
common way to have a knowledge of future extreme
precipitation events is to investigate the trend in the long-
duration time series of historical records [10-22]. On the other
hand, using the outputs of climate models such as global
circulation models (GCMs) can provide a more reliable and
more realistic picture of the future. Accordingly, a number of
researchers have analyzed the outputs of GCMs under various
scenarios in term of extreme precipitation events and the trend
detection [23-29].

1. Introduction

The extreme climatic events such as heavy precipitation
events have been now an important part of human life, due
mainly to climate change. Now a day, it is more common to
hear some news about floods and their negative effects on
human life all around the world. At the time of writing this
paper (Summer 2020) some countries including China and
Japan, were suffering the flood destructions. To diminish the
effects of natural disasters it is important to have scientific and
rational knowledge of the climate system to make decisions on
the adaptive and mitigative actions. The reliable modeling of
the climate system has approved the effects of human activities
on the dramatic growth in the occurrence of extreme climatic
events during the recent years according to the
Intergovernmental Panel on Climate Change [1]. Floods which
are a consequence of heavy precipitation events are now more
common in many countries than in the last 50 years. In this
case, for some regions, although the total annual precipitation
amount has remained constant, the frequency and intensity of

Various studies have been performed on the trend detection
in the climatic parameters in Turkey, based only on the
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historical data [10-12, 18, 22]. In a study [17], three
precipitation and three temperature indices were generated
based on the long-term records on Euphrates Basin in Turkey.
The trend in the indices was examined and the author
concluded that the trend in extreme precipitation indices was
not significant during the time period of 1970 to 2017. On the
other hand, the number of researches that used the outputs of
general circulation models is not a lot [28, 30-31]. In this way,
in a study [2] used the outputs of three GCMs under two
emission scenarios to generate and trend detection of eight
extreme precipitation extreme in the Western Black Sea Basin,
Turkey. The results of the study showed that the number of dry
and wet days will increase over the basin in spite of the
unchanged total precipitation amount.

In this paper, the long-term trend detection of extreme
precipitation indices was performed by using the outputs of
the NorESM1-M model under RCP4.5 and RCP8.5 scenarios
[32] at Osmangazi Station located at Bursa Province, Turkey.
Unfortunately, Bursa experienced a huge precipitation event
in the middle of June 2020 which results in loss of life and
property. Change in the climatic variables will have a direct
effect on the frequency and intensity of this type of extreme
climatic event. In this study, the effects of the climate change
on the extreme precipitation events were analyzed based on
the daily measured and projected precipitation values which
were used to generate eight extreme precipitation indices, and
the trend in that indices was investigated based on the
Spearman’s rho and the Mann-Kendall trend tests.

2. Study Area and Data

The extreme precipitation indices generated by using the
historical and projected precipitation values of Osmangazi
Station (Figure 1) located in Bursa Province, Turkey. Bursa
province has been experienced a dramatic change in terms of
land use parallel to industrial development and population
growth as a result of migration.
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Fig. 1: The study area

The total area of the province is 10882 km? which 45
percent of it is covered by forests. However, the change in the
land cover and the terrestrial feature of the region (Figure 2)
increases the vulnerability of the city to flood. On the other
hand, the changing climate can make huge precipitation events
more frequent and destructive. In this way, the investigation of
trends in historical and projected data is important. For the
historical data, in this study, the daily precipitation records

between 1971 and 2000 belong to the Osmangazi station was
obtained. The location is located at 40.2308°N and 29.0133°E
coordinates and the elevation of the station from the sea surface
is 100 m. The mean yearly precipitation amount is 721 mm at
that station. On the other hand, the daily projected outputs of
NorESM1-M general circulation model (The Norwegian Earth
System Model, more information about the model can be found
in Bentsen et al. 2013) as a part of Coupled Model
Intercomparison Project Phase 5 (CMIP5) under RCP4.5 and
RCP8.5 scenarios was downloaded [51]. Unfortunately, the
daily time scale of precipitation data made it impossible to use
the outputs of various GCMs rather than only one. Nevertheless,
the outputs of the selected GCM still can be useful to provide a
scientific point of view about the future climate of the region
and the extreme precipitation events. The projected data were
analyzed in three 30-year time periods: 1971-2000 as the
reference period, 2041-2070 as the mid-time future, and 2071-
2100 as the late future.
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Fig. 2: The topographic map of Bursa Province

3. Study Approach

Working with the outputs of GCMs is in need of
consideration of uncertainties due mainly to the structure of
the model, i.e. the systematic errors [34]. The uncertainty may
have rooted in the nature of the climate system also, however,
it is not possible to deal with those types of uncertainties in
climate change impact studies. In this way, the biases between
observed and projected data during the reference period
should be corrected by using some methods that are called
bias correction methods. Studies show that using an
appropriate bias correction method can enhance the outputs of
the GCMs [35-41] and as a result, a better understanding of
the future climate condition. In this research, the linear scaling
bias correction method was adopted to the daily projected
precipitation values (the detailed information about the
method can be found in [42]). This method is a statically-
based method. The method has successfully applied in climate
change impact studies especially when the mean value is the
main interest of the correction [43].

63



INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-UET

Balov, Vol.6, No.4, 2020

3.1. Extreme Precipitation Indices

The most common way to study the extreme precipitation
events is to apply non-parametric extreme precipitation
indices recommended by ETCCDI [44]. The eight extreme
precipitation indices used in this study are presented in Table
1. The indices were generated by using the daily observed and
projected precipitation data.

3.2. Trend Tests

In this study two commonly used trend tests in
hydrological studies were applied to detect the trend in the
extreme precipitation indices generated by using the daily
precipitation values from observed and projected values for
the reference period (1971-2000) and projected values for the
future period (2031-2100). These tests are the Mann-Kendall
[45-46], and the Spearman's rho (SR). More detailed
information about the test can be found in [3] and [47].

4. Results and Discussion

To evaluate the trend in time series, firstly, the criterion
of the assessment should be defined. In this way, the positivity
and negativity of the value of the trend test show how the trend
is increasing or decreasing respectively. On the other hand, the
significance of the trend can be determined by choosing an
appropriate level of significance and corresponding critical
value. Accordingly, the critical values for the Mann-Kendall
and Spearman's rho test based on the number of the samples
which are 30 for the reference period and 70 for the future
period are presented in Table 2.

Table 1: The extreme precipitation indices.

significant based on the level of significance of 0.1. In the table,
the strength of the trend for PRCPTOT (the total precipitation)
was found to be non-significant during the reference period
based on the observed and projected data. However, a
decreasing trend was detected for the future period which is in
accord with the difference in the mean value of PRCPTOT in
the last 30 years of the previous and current century, as can be
seen in Table 4. The value of PRCPTOT was found to be 694.83
mm which is projected to decrease to 683.61 mm and 659.59
mm based on the outputs of GCM under RCP4.5 and RCP8.5
respectively by the end of the century. However, considering
the uncertainties in the climate models it can be said that the
total amount of precipitation is projected as unchanged during
the current century compare to the previous years. On the other
hand, an increasing trend was detected in the value of RX1day
and RX2day. This condition can be explained by the change in
the precipitation pattern rather than the total precipitation
amount. The difference between the 30-year mean value of
those two indices (also other indices but PRCPTOT and CDD)
calculated by using the observed and projected value for the
reference period (1971-2000) indicates the high level of
uncertainty in the outputs of the GCM which has not waned
after bias correction. As indicated before, the linear scaling
method of bias correction leads to more reliable results in terms
of mean values not all statistical properties or distribution of the
daily precipitation values, which resulted in the different value
of extreme precipitation indices concerning the observation
values. Nevertheless, the results can picture the future condition
of the climatic parameter under consideration of the level of
uncertainty. In this way, the comparison can be established on
the values of GCM for the reference and future periods, where
an approximately 25% increase in the values of RX1day and
RX2day was projected according to the values of Table 4.
Accordingly, rainfall events with high intensity and short
duration will be the main properties of the precipitation pattern
in the region.

Index Interpretation

PRCPTOT Total precipitation in wet days (> 1 mm)

SDII simple daily intensity index: Mean precipitation amount on a wet day

RX1day maximum one-day precipitation: Highest precipitation amount in one-day period
RX5day maximum five-day precipitation: Highest precipitation amount in five-day period

CDD consecutive dry days: Maximum length of dry spell (RR <1 mm)

CWD consecutive wet days: Maximum length of wet spell (RR >1 mm)

R10mm heavy precipitation days: Count of days where RR (daily precipitation amount) > 10 mm
R20mm very heavy precipitation days: Count of days where RR > 20 mm

Table 2: The critical value for the level of significance

Level of Number of The critical value
significance | samples MK spr

0.01 30 2.576 2.457

70 2.576 2.374

30 1.96 1.697

0.05 70 1.96 1.697

01 30 1.645 1.31

’ 70 1.645 1.292

The results of the trend test for various indices and datasets
are presented in Table 3. The bolded values were found to be

This condition can be also interpreted from the results of the
trend test for the SDII index. This index is defined as the
average precipitation amount on a wet day. An increasing trend
was detected for the values of this index which can be
considered as a strong positive trend based on the outputs of the
GCM under the RCP8.5 scenario.

The increase in the 30-year mean value of the SDII
calculated from the observed and projected value can be seen
in Table 4, concerning the relatively high level of uncertainty
in the projected values. When the values of SDII calculated
from the outputs of the GCM for the reference (1971-2000) and
the late future (2071-2100) periods were compared, one can
estimate the change by the end of the century considering the

64



INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-UET

Balov, Vol.6, No.4, 2020

difference between observed (6.97 mm) and modeled (4.13
mm) values for the reference period.

R10mm and R20mm indices also are two beneficial tools
for the estimation of magnitude of the extreme precipitation
events. The results of the trend test for these two indices
showed a different manner, where the trend in R10mm was
found to be not significant while an increasingly strong trend
was detected for R20mm based on both the observed and the
modeled values. The number of days with heavy precipitation
events has been increased and it is expected to continue to
increase based on the outputs of the GCM under RCP4.5 and
RCP8.5 scenarios. On the other hand, the number of
consecutive dry and wet days is expected to remain unchanged
during the coming years.

Figure 3 presents the graphical illustration of the projected
indices for the time period between 2031 and 2100, based on
the outputs of the GCM under RCP4.5 and RCP8.5 scenarios.

Table 3: The results of trend test for the Osmangazi station

extreme precipitation indices vary from index to index.
However, concerning the level of uncertainty in the outputs of
the GCM and lack of the large number of GCMs because of
high temporal resolution which is needed in the study of the
extreme precipitation events, one can interpret that by the end
of the current century the huge precipitation events will be
more probable, while the total amount of the precipitation will
approximately remain unchanged.

On the other hand, the growth in the frequency and
magnitude of floods in Bursa is in direct relation with some
other factors such as the runoff coefficient which is a function
of land cover, rather than the effects of climate change only.
According to a study [49], the percentage of urbanization of the
Bursa Province has increased from up to 40 in 1960 to up to 80
in 2000. Additionally, the population of the province has
increased from approximately 2 million in 2000 to more than 3
million in 2019 based on the population values released by the
Turkish Statistics Institute [51]. Therefore, it seems that the
dramatic increase in the population and urbanization may has
more impact on the increase of flood risk and flood destruction
together with climate change.

Index
Dataset period test
PRCPTOT | SDII | RX1day | RX5day | CDD | CWD | R10mm | R20mm
. MK 0 0.571 0 -1.07 1.07 -0.071 0.036 0.714
Observation 1971-2000
spr -0.025 0.651 | 0.126 -1.045 1.373 | 0.663 0.381 1.332
MK 0.393 1.07 | -0.321 0.393 | -1.088 | 0.071 1.053 0.071
GCM_Ref 1971-2000
- spr 0.367 1.07 | -0.374 0.41 -0.943 | 0.472 1.808 2.413
MK -0.193 0.426 | 1.632 1.572 0.512 | -0.183 0.223 1.085
GCM_RCP4.5 | 2031-2100
- spr -0.286 0.388 | 1.385 1.376 0.793 | 0.268 0.911 3.242
MK -1.207 1.338 | 0.943 0.071 0.38 -0.041 | -0.406 1.678
GCM_RCP8.5 | 2031-2100
- spr -1.203 1.382 | 1.074 0.203 0.419 | 0.519 0.227 4.644
Table 4: The 30-years average values of the indices
. Index
Dataset period
PRCPTOT | SDII | RX1day | RX5day | CDD | CWD | R10mm | R20mm
Observation 1971-2000 694.83 6.97 | 42.15 79.39 333 | 1.77 22.57 5.13
GCM_Ref 1971-2000 671.04 4.13 20.67 51.82 | 31.17 | 145 11.27 0.77
GCM_RCP4.5 2071-2100 683.61 439 | 24.75 5753 | 40.53 | 15.3 12.27 1.33
GCM_RCP8.5 2071-2100 659.59 447 | 25.27 58.98 | 37.93 | 13.67 12.2 1.57

The results are in accord with the values of the trend tests
in Table 3. The slope of the trend lines shown on the graphs
represent the significance of the trend in the time series of the
indices. The results of trend test in the extreme precipitation
events which generated based on the outputs of GCMs fo

other parts of the country were found to be in accord with the™

results of this study [3, 30, 31]. For instance, in a study [31]
the authors detected a strong increasing trend in majority of
extreme indices in a meteorological station (Olimpiyat) in
Istanbul, Turkey.

In general, the strength and manner of the trend in the

In this way, it can be useful to have a comprehensive
developing plan considering all parameters such as climate
change, population, urbanization, infrastructure system, and
economic aspects.

Summary and Conclusion

In this study, the impacts of climate change on the extreme
precipitation events were investigated by detection of the trend
in eight extreme precipitation indices. The indices were
generated by using observed and projected data of a general
circulation model under RCP4.5 and RCP8.5 scenarios. The
daily precipitation outputs of the NorESM1-M model for the
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period of 2030 to 2100 were used for the generation of the
indices. The trend tests were performed by using the Mann-
Kendall and Spearman's rho trend tests. The results showed
that the change in the total precipitation amount will be non-
significant, where the pattern of the precipitation is expected
to change so that the number of intense and short-duration
precipitation events will increase. However, based on the
results of the study, it can be indicated that, although
increasing trends were detected in the future extreme

into the account for

precipitation indices, the effects of urbanization and population
growth should be taken
understanding of the flood risk in the province.
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Fig. 3: The graphical illustration of projected extreme precipitation indices.
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