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DOMAINS IN TURKEY WITH NWP VERIFICATION TECHNIQUES
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! Department of Biosystem Engineering, Nigde University, 51240, Nigde, Turkey
? Department of Computer Engineering, Faculty of Engineering, Karabuk University, 78050, Karabuk, Turkey
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ABSTRACT

1. INTRODUCTION

We present a validation study for a 50-km resolution
version of the RegCM4 regional climate model over the
East Mediterranean Basin. In this study, the observation
and evaluation of the model results against each other as
well as graphication, which mostly generates scatter plot
graphs of the atmosphere for operational weather forecast-
ing models (NWP, numerical weather prediction), with
11 different statistical verification score values were evalu-
ated by calculating the regional climate model results.

As a result of the analysis, it has been estimated that
the rainfall is 42% higher than the estimated average
amount RegCM4 simulations based on the 50 observa-
tion stations. Meteorological Service (TSMS, Turkish State
Meteorological Service) observation network monitored
50 stations based on the average of Frequency Bias Index
(FBI), Proportion Correct (PC), Probability of Detection
(POD), False Alarm Ratio (FAR), False Alarm Rate (F),
Hanssen-Kuipers Skill Score (KSS), the Threat Score (TS),
Equitable Threat Score (ETS), Heidke Skill Score (HSS),
The Odds Ratio (OR), and Odds Ratio Skill Score (ORSS)
values which are as follows, respectively: 0.70, 0.70, 0.52,
0.32, 0.38, 0.39, 0.21, 0.34, 5.99, and 0.69. The objective
score values calculated for RegCM4 climate model were
found to be close to the score values of the NWP models.
Given these values, which were found to be successful for
RegCM4 model dynamics, the results generated by other
models, recovery/adaptation techniques will be used for
the application of hydrological studies.

KEYWORDS: RegCM4, objective skill scores, verification, pre-
cipitation forecast, evaluation

* Corresponding author

Despite evolving, changing technology and increasing
knowledge of living things, climate still plays an important
decisive role in issues, such as the formation of ecosys-
tems, the sustaining of their presence, and alteration.

Parameters, such as rainfall and temperature, are the
most effective instruments to maintain the role. Rainfall
parameters examined in this study have affected directly,
for many years, the annual, seasonal and temporal proc-
esses, such as instant and the shown amount, distribution,
variety, violent elements (hail, heavy rain, poor visibility,
icing, etc.), or have caused the formation of events (flood,
landslides, avalanches, drought, etc.) which affect the habi-
tats and conditions of humans and other living organisms.

Many activities in the field of human being (life,
transportation, manufacturing, tourism, etc.) have been an
essential endeavor to measure and predict rainfall. For
this, the human and computer resources at a certain level,
as well as financial resources, have been allocated. In the
estimation of rainfall, amount, time, and duration, loca-
tion and intensity of parameters are separately important.
Rain estimated by either statistical models or the dynamic
atmosphere should undergo the processes so as to meet
the users’ requirements, such as processing (postprocess-
ing), verification, correction, transformation to the forma-
tion, and derivation of new data archiving.

Prediction of dynamic precipitation data according to
the desired spatial scale are derived from the global and
the limited area models, based on the temporal scale the
data are derived from atmosphere models which are Nu-
merical Weather Prediction (NWP) and climate oriented.
As spatial scale can vary between 1 and 300 km, whereas
the temporal scale may be covering the period of centu-
ries of time with 1-2 h. Moreover, the prediction intervals
(time steps) can increase from 6-24 h to several min,
depending on the model and computer power.Since the
last quarter of the 20™ century, the interest and curiosity
of mankind on climate change and variability have in-
creased as a result of the research of the scientists, the
changes in climatic conditions, increasing of studies related
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to the effect of the vital activities, and the growth of the
economic and social dimensions. As a result of many
scientific studies, it has been stated that many factors,
particularly temperature and precipitation parameters linked
to time and place, depending on different scales, may show
differences in line with the developed predictions [1-9].
One of the regions, which is most vulnerable to climate
change, is the Mediterranean basin [5, 10-32]. Depending
on the different scenarios in the next century, it has been
estimated that temperatures in the region will increase by
1.5-5 °C, while rainfall, especially in the southern and
eastern parts, will decrease by 5-40 % [33-38]. In these
predictions, the most important task is incumbent on global
and regional climate models. Accordingly, there are a lot
of ongoing design and development activities in many
important centers (NASA, NCAR, Hadley Centre, ICTP,
CSIRO, CNRM) by a large number of researchers to carry
out regional and global climate models (HadCM, FvGCM,
ECHAM, ALADIN, CCM, CGCM, RegCM, CWREF,
PRECIS, CanRCM4).

Consistency of the estimated models formed outside
the scenarios generated depends on their ability to repre-
sent the current conditions of the atmosphere. Comparing
the simulation capabilities of previous periods with these
observation values, through the current method of testing,
is the most commonly valid method. When these com-
parisons are taken into consideration as for synoptic
events (heavy rainfall, extreme temperatures, storm, hur-
ricane, etc.), it is conducted in the form of comparison as
short- and long-term instantaneous and average values. As
observation values, not only those of the national mete-
orological and hydrological services but also those of global
observation sets formed by some centers, can be used. In
addition to subjective evaluation, many statistical methods
are also used in objective evaluations. Long-term average
rainfall data, Mean Error (ME), Mean Absolute Error
(MAE), or Root Mean square error value (RMSE), are the
most widely used methods for testing climate models. The
multi-class 2x2 contingency table and indexes derived
from this table are used mostly for testing the operational
numerical weather prediction models. Today, plants and
other creatures not only determine the boundaries of the
living conditions, but instantaneous values of the ecologi-
cal consequences of these ecosystems to assess the imme-
diate effects of changes in the long-term average values,
should also be analyzed accordingly. For example, while
a flood in a basin does not affect the boundaries of living
areas in ecosystem, it deeply affects the living conditions.
Due to reasons like this, it is necessary to question the
results of climate modes in the light of the prediction of
such events.

In this study, we have tested the statistics used in the
climate change studies with the intention to test the usage
of RegCM4 regional climate commonly used in hydro-
logical studies. The simulation analyzed herein covers the
18-year period of 1989-2007 over a domain encompass-
ing the East Mediterranean Basin of Turkey. The bound-
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ary conditions for the model simulation are obtained from
a re-analysis of observations, and different statistics of
simulated daily precipitation, covering a range of tempo-
ral scales, are validated against station observations.

2. MATERIALS AND METHODS

2.1 Model description

RegCM4 version used herein was originally devel-
oped by Giorgi et al. [39, 40], and later modified and
improved as described by Pal ef al. [41] and Giorgi et al.
[42]. RegCM4 is a hydrostatic, compressible, sigma-p
vertical coordinate model run on an Arakawa B-grid in
which wind and thermodynamical variables are horizon-
tally staggered. In a time-splitting explicit integration
scheme, the 2 fastest gravity modes are first separated from
the model solution, and then integrated with smaller time
steps [42]. RegCM4 dynamical core is essentially the same
as that of the hydrostatic version of the National Center for
the Atmospheric Research (NCAR) and Pennsylvania State
University mesoscale model MMS5 [43]. Radiative transfer
calculations in RegCM4 are carried out with the radiative
transfer scheme of the global model CCM3 [44], as im-
plemented by [45]. According to the previous version,
RegCM4 includes major and important adds and modifi-
cations at the radiative cloud representation, aerosol radia-
tive transfer calculations, a new planetary boundary layer
(PBL) scheme (the University of Washington PBL), mixed
convection schemes, 2 new land-use types in Biosphere-
Atmosphere Transfer Scheme (BATS) to represent urban
and suburban environments, Community Land Model
(CLM) option, and diurnal sea surface temperatures (SST)
scheme which have been explained in details by Giorgi et
al. [42]. Different versions of RegCM have also been
coupled with regional ocean models like MIT ocean model
[46, 47], and ROMS regional ocean model [48] for spe-
cific applications. Substantial development has occurred
in the last several years within the RegCM system by cou-
pling with aerosols and atmospheric chemistry [49-52]. A
simplified aerosol scheme, specifically designed for ap-
plication to long-term climate simulations, has been in-
crementally developed. Also RegCM4 coupled with a set
of gas-phase chemistry mechanisms of different complex-
ity like previous version RegCM3 (A. Shalaby et al., un-
publ.). Tropical band configuration is implemented to
RegCM4 and tested by Coppola et al. [53]. RegCM4 code
is written at the ANSI F90 standard language, and it is
more flexible, user-friendly and portable on different com-
puting architectures [42].

2.2 Experimental design, observation datasets and evaluat-
ing methods

The experimental domain is similar to MED-
CORDEX area which is described by Giorgi et al. [54]. It
is extended towards the east side with few grid points.
The model is run at 50-km grid spacing and 18 vertical
sigma levels for the period from 1 January 1989 to 31 De-
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cember 2007. The model domain and topography are
shown in Fig. 1. RegCM4 is run for the present experi-
ment with the following options described in Giorgi et al.
[42]: Lambert Conformal map projection, the mass flux
cumulus cloud scheme of Grell [55] to represent convec-
tive precipitation, and the Fritsch—-Chappell (FC80) clo-
sure [56] that the available buoyant energy is dissipated
during a specified convective time period (between 30
min and 1 h), the resolvable scale precipitation scheme of
Pal et al. [57] modified by Holtslag et al. [58] planetary
boundary layer scheme, modified CCM3 radiative trans-
fer scheme [44], SUBEX resolvable precipitation scheme
[57], and the biosphere—atmosphere transfer scheme
(BATS) [59] land surface package. In the north—south
direction, the domain extends from about 24° to 56° N,
and a standard exponential relaxation procedure [39] is
used in the southern and northern boundaries over a buff-
er zone with a 12-grid point width. Finally, the model
utilizes 18 vertical sigma levels, and model top pressure is
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5 hPa. Forcing conditions at the northern and southern
boundaries, SSTs are obtained from the ERA-Interim re-
analysis of observations [60], while the lateral meteoro-
logical boundary conditions (BC) and sea surface tem-
peratures (SST) are obtained from the ERA-Interim re-
analysis of observations [60, 61] with a grid spacing 1.5 x
1.5°. The ERA-Interim re-analysis, which is made avail-
able in 2007 by European Centre for Medium-Range
Weather Forecasts (ECMWF), has a greater number of
vertical pressure levels (37), added cloud parameters, and
has a higher horizontal resolution (originally 0.72°) than
ERA-40. The standard version of RegCM4.1 is available
at URL: http://gforge.ictp.it/gf/project/regcm/frs/. Our
analysis focuses on the daily precipitation, and for the
model validation, we use the daily precipitation data of the
Turkish State Meteorological Service (TSMS) station ob-
servation for the period of 1989-2007. Station location and
numbers are shown in Fig. 2. RegCM4 precipitation is inter-
polated to station point by a bi-linear interpolation [62].

54N
1N
48N
43N
42N
3N
36N
33N
30N
TN
24H T T T T T T T T T
20% 0% 0 10E 20E 30E 40E SOE 5OE
[ 1 [ [ [ [T [ ]
a 25 50 Y5 100 250 500 TEQ 140012501500 17502000 2250 2500 2000
FIGURE 1 - The model domain and topography (m) of RegCM4 study field.
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FIGURE 2 - Turkish State Meteorological Service (TSMS) station location and numbers.
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TABLE 1 -2 x 2 Contingency table.

Event Event observed
forecast Yes No Marginal total
Yes Hit (a) False alarm (b) Fc Yes (atb)
No Miss ( ¢) Correct rejection (d) Fc No (c+d)
Marginal total Obs Yes Obs No Sum total
(at+c) (btd) (atbt+ctd=n)
In this study, we evaluated the precipitation as cate- FAR=b/(a+b) 4)

gorical statistics which are needed to evaluate binary -
yes/no forecasts of the type of statements that an event
will or will not happen. The joint distribution of binary
(yes/no) forecasts and associatively observed events and
non-events are unambiguously defined by the 4 elements
of a 2x2 contingency table: hits, false alarms, misses and
correct rejections. Categorical statistics are applied to
evaluate this binary event which, in our case, is the accu-
mulated rainfall amount during a 24-h period exceeding at
least 0.1 mm or more. There are a lot of indexes which
have been developed from the 2x2 contingency table
(Table 1), and explained in detail in ECMWF report [63]
and Rossa et al. [64].

The Frequency Bias Index (FBI) is used to compare,
as a ratio, the frequency of forecasts with the frequency of
actual occurrences of the rain. It ranges from zero to in-
finity, and the optimal value for an unbiased forecasting
system is one. FBI is also known as Bias Index (B).

B=(a+h)/(atr) (1)

The frequency bias is not a measure of accuracy as it
does not provide information for the magnitude of fore-
cast errors. The most simple and intuitive performance
measure that provides information on the accuracy of a
categorical forecast system is the Proportion Correct (PC)
which gives the fraction of all correct forecasts. Range of
PC is zero to one, a perfect score = 1. PC is usually very
misleading because it rewards correct “yes” and “no”
forecasts equally, and is strongly influenced by the more
common category. This is typically the “no event” case,
i.e. not the extreme event of interest [63].

PC=(a+d)/n )

The Probability of Detection (POD), also known as
Hit Rate (H), measures the fraction of observed events
that were correctly forecast. Range of POD is zero to one,
and a perfect score is one.

FOD =a/ (atc) 3)

The False Alarm Ratio (FAR) measures the fraction
of forecast events that were observed to be non-events.
Range of FAR is one to zero, and a perfect score is zero.
POD and FAR must always be examined together as
neither of them is really adequate on its own. POD is
sensitive to hits only and does not take into account false
alarms, whereas FAR is sensitive to false alarms but takes
no account of misses [64].

False Alarm Rate (F), also known as Probability of
False Detection (POFD), measures the false alarms given
for the non-observed events. Range of F is again one to
zero, which is a perfect score = 0, like FAR exhibiting
negative orientation.

F=b/(b+d) (5)

Hanssen-Kuipers Skill Score (KSS) measures the
skill of a forecasting system to distinguish the 'yes' cases
from the 'no' cases.

KSS = POD —F 6)

Range of KSS is -1 - 1, a perfect score = 1, no skill
forecast = 0 (i.e. POD = F). Ideally, KSS measures the
ability of the forecast system to separate the “yes” cases
(POD) from the “no” cases (F). For rare events, the fre-
quency of correct rejection cells (d) is typically very high
in the contingency table compared to the other cells, lead-
ing to a very low False Alarm Rate and, consequently,
KSS is close to POD [63].

The Threat Score (TS), also known as the Critical
Success Index (CSI), is defined as hits divided by the sum
of hits, false alarms and misses. Because TS takes into
account both false alarms and misses, it can be considered
as a simple measure that tries to remove from considera-
tion correct forecasts of the (simple) non-events.

TS=a/(a+b+c) (7)

Range of TS is 0 - 1, a perfect score = 1, no skill
forecast = 0. TS is sensitive to hits and takes into account
both false alarms and misses, and can be seen as a meas-
ure for the event being forecast after removing correct
(simple) “no” forecasts from consideration [63].

Equitable Threat Score (ETS) (also known as Gil-
bert’s Skill Score, GSS) aims at removing the effects of
hits that occur purely due to the random chance.

ETS=(a—ar)/(a+b+c—ar) ®)
where,ar = (a+ b)(a+c)/n ),
and is the number of hits for random forecasts.

Range of ETS is -1/3 - 1, a perfect score = 1, no skill
forecast = 0.

Heidke Skill Score (HSS) is one of the most widely
used skill scores, and reference accuracy measure is Pro-
portion Correct adjusted to eliminate forecasts that would
be correct due to random chance.
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HSS =2 (ad — be)/{(a+c)(c+d) + (a+b)(b+d))

Range of HSS is - to 1, a perfect score = 1, no skill
forecast = 0.

The Odds Ratio (OR) measures the forecasting sys-
tem's probability (odds) to score a hit (H) as opposed to
the probability of making a false alarm (F). It produces
typically high numeric values because a no-skill system
would equal 1, and a perfect system yields a score of
infinity.

OR = ad/ bc (11)

A transformed Odds Ratio Skill Score (ORSS) is
scaled to have values in the range [-1, +1] to be compara-
ble with other verification scores of categorical events.

ORSS = (ad — be) /(ad + bec) (12)

3. RESULTS AND DISCUSSION

Fresenius Environmental Bulletin

In this study, prior to the implementation of the test
statistics, the scatter plot (1 to 1) graphics about the con-
sistency of the model rainfall were plotted. The total daily
rainfall values taken from the evaluation of 50 stations for
19 years by the TSMS amounted to 6939 data. All of the
test statistics used in this data (scatter plot) intense la-
beling of a graph on a daily basis make it harder to re-
move the marking stations for a total annual visual mean-
ing, so that the average total rainfall data (950 units) of 19
years (50 pieces) was plotted. In the consistency of the
model according to the coordinates in a real land-sea
station, the stations were classified as coastal stations (mari-
time), terrestrial stations (continental) according to height
low (CL = 0 to 400 m), medium (CM = 401 to 1000 m) and
high (CH = >1000) to see the differences between the sta-
tion height and the topography of the model to the actual
topography. Moreover, the model height difference from
the real station height was classified from 0 to 9 (0 = 0-
200, 1 = 201-400, 2 = 401 to 600, 3 = 601 to 800, 4 =
801-1000, ..., 9 = >1800 m), and these graphics created
through these classifications are given in Fig. 3. In Fig.
3a, according to the plotted 14 station (Alanya, Bodrum,
Canakkale, Fethiye, Giresun, Istanbul, Izmir, Kocaeli, Rize,
Samsun, Silifke, Sinop, Tekirdag, Zonguldak) data, it was
observed that there was no significant deviation between
the model rainfall values and the observation values in
terms of model coastal stations up to 1000 mm. In gen-
eral, it was determined that this model produced higher
simulation values (overestimate) than the observed val-
ues. It was observed that the model showed deviation,
particularly on two stations (Rize and Giresun), in the
rainfall at >1300 mm. This value is lower than that of the
deviation of the observation to simulate (lower estimate)
in Rize, while it was in the form of overestimate in the
Giresun. The common feature of Rize and Giresun sta-
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tions is seen in the Black Sea coast, there is a great differ-
ence between the real heights (respectively, 9 and 38
m) and model heights (733 and 1123 m, respectively). In
Figs. 3 b, ¢, and d graphics, when the total simulation of
the precipitation values for a total of 36 monitoring sta-
tions is compared to the observation values, it was deter-
mined that once the height of the model increases and the
amount of rainfall decreases, there was an increasing
overestimate. Once all of the stations in Fig. 3 were col-
lectively evaluated, the results of model simulation were
lower estimated (209) and overestimated (741) according
to the comparison in 50 rainfall stations as for 950 rainfall
values. Once the simulation values were superficially ex-
amined in relation to the values of observation, the rainfall
values took place within the zone of 220 + 25%. The re-
maining rainfall appeared in lower estimate simulation
values of precipitation 87 - (26-50) %, 30 - (51-75)%, and
1- (>75%). The 1119 of overestimate simulation results
took place in the range of 26-50%, while 143 were in the
range of 51-75%, and 350 were >75%. The average an-
nual total precipitation from 1989 to 2007 was compared in
the graphics of Fig. 4. According to this model, RegCM4
precipitation is lower at 11 stations, whereas the observa-
tion values in 39 stations are over simulated. When the
differences of average rainfall simulation values are exam-
ined superficially in relation to the observation value, the
precipitation values are seen within the range of 10 +
25%. The 6 lower estimate values of the remaining rain-
fall simulation values appear in the range of 26-50%,
while 1 is seen in the range of (51-75%). When the aver-
age of the Turkey average is obtained from the average of
all the stations through comparison, it will be seen that the
Turkey average model is 42% - overestimate (as seen in
Fig. 4). Given all these evaluations, the simulation suc-
cess rate of the average annual total rainfall (in scatter
plots, the percentile-share numbers based on percentage)
was determined to be approximately the same.

Hamill et al. [65] have shown in their studies that
predictive distributions of precipitation are non-Gaussian,
and threshold-based or “non-parametric” techniques can
be applied. However Wu et al. [66] pointed out that a meta-
Gaussian approach is also possible to represent predictive
distributions of precipitation. As Verkade et al. [67] men-
tioned in their studies, precipitation forecasts are often
based conditionally upon observed precipitation amount (a
so-called Type-II conditional basis), with overestimation
of smaller observed precipitation and underestimation of
larger observed precipitation. This approach is found
valid for RegCM4 precipitation simulation in this case.
These amounts are very important for hydrologic applica-
tions [68].

In the analysis of the rainfall data according to NWP
verification techniques, which actually form the primary
object of this study, the 2x2 contingency table was calcu-
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FIGURE 3 - Scatter graphics for classification of station model and observation of the total annual rainfall according to the conditions of the
location and height.
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TABLE 2 - 2x2 Contingency table index results.
Station BIAS PC POD FAR F TS ETS KSS HSS OR ORSS
17022-Zonguldak 1.21 0.69 0.74 0.39 0.34 0.5 0.24 0.4 0.39 5.57 0.7
17026-Sinop 1.31 0.66 0.7 0.47 0.36 0.44 0.19 0.34 0.32 4.18 0.61
17030-Samsun 1.31 0.65 0.73 0.45 0.4 0.46 0.19 0.33 0.31 4.05 0.6
17034-Giresun 1.34 0.65 0.79 0.41 0.47 0.51 0.19 0.32 0.32 4.35 0.63
17040-Rize 1.31 0.63 0.78 0.41 0.52 0.51 0.15 0.26 0.26 3.32 0.54
17046-Ardahan 1.84 0.55 0.79 0.57 0.59 0.39 0.09 0.2 0.17 2.69 0.46
17050-Edirne 1.64 0.62 0.64 0.61 0.38 0.32 0.12 0.26 0.21 2.85 0.48
17056-Tekirdag 1.79 0.64 0.69 0.62 0.38 0.33 0.14 0.3 0.24 3.54 0.56
17066-Kocaeli 1.3 0.7 0.75 0.42 0.34 0.49 0.24 0.41 0.39 59 0.71
17070-Bolu 1.38 0.68 0.78 0.44 0.38 0.48 0.23 0.4 0.37 5.67 0.7
17074-Kastamonu 1.65 0.64 0.79 0.52 0.44 0.43 0.18 0.35 0.31 4.88 0.66
17085-Amasya 1.91 0.63 0.82 0.57 0.45 0.39 0.17 0.37 0.29 5.45 0.69
17088-Gumushane 1.97 0.59 0.87 0.56 0.55 0.41 0.14 0.31 0.25 5.22 0.68
17090-Sivas 1.71 0.65 0.8 0.53 0.42 0.42 0.19 0.37 0.31 5.29 0.68
17094-Erzincan 1.73 0.64 0.73 0.58 0.4 0.36 0.16 0.33 0.27 4.07 0.61
17097-Kars 1.75 0.57 0.79 0.55 0.55 0.4 0.11 0.24 0.21 3.06 0.51
17112-Canakkale 1.7 0.7 0.66 0.61 0.29 0.32 0.18 0.38 0.3 4.89 0.66
17116-Bursa 1.63 0.69 0.79 0.51 0.36 0.43 0.23 0.44 0.37 6.91 0.75
17130-Ankara 1.79 0.66 0.75 0.58 0.37 0.37 0.18 0.38 0.3 5.02 0.67
17140-Yozgat 1.53 0.69 0.78 0.49 0.35 0.45 0.23 0.43 0.38 6.57 0.74
17152-Balikesir 1.84 0.68 0.79 0.57 0.36 0.39 0.2 0.43 0.34 6.69 0.74
17155-Kutahya 1.5 0.69 0.77 0.48 0.34 0.45 0.24 0.43 0.38 6.57 0.74
17172-Van 1.82 0.66 0.76 0.58 0.37 0.37 0.18 0.39 0.3 5.3 0.68
17188-Usak 1.42 0.73 0.7 0.51 0.26 0.4 0.24 0.44 0.38 6.52 0.73
17190-Afyon 1.53 0.69 0.73 0.52 0.33 0.4 0.21 0.4 0.35 5.54 0.69
17196-Kayseri 1.55 0.7 0.74 0.53 0.32 0.4 0.22 0.41 0.36 5.89 0.71
17199-Malatya 1.25 0.74 0.6 0.52 0.21 0.36 0.22 0.39 0.36 5.65 0.7
17201-Elazig 1.08 0.76 0.56 0.49 0.17 0.37 0.23 0.39 0.38 6.15 0.72
17204-Mus 0.9 0.76 0.58 0.36 0.15 0.44 0.28 0.43 0.44 7.68 0.77
17220-Izmir 1.4 0.79 0.66 0.53 0.18 0.38 0.26 0.48 0.41 8.63 0.79
17238-Burdur 1.51 0.71 0.65 0.57 0.27 0.35 0.2 0.39 0.33 5.16 0.68
17246-Karaman 1.78 0.72 0.71 0.6 0.28 0.34 0.2 0.43 0.34 6.45 0.73
17250-Nigde 1.56 0.71 0.72 0.54 0.29 0.39 0.22 0.43 0.36 6.27 0.72
17255-Kahramanmaras 1.1 0.8 0.62 0.44 0.15 0.41 0.29 0.47 0.45 9.18 0.8
17262-Kilis 1.21 0.8 0.63 0.47 0.15 0.4 0.29 0.48 0.45 9.75 0.81
17270-Sanliurfa 0.95 0.81 0.51 0.46 0.11 0.36 0.26 0.4 0.41 8.21 0.78
17275-Mardin 0.98 0.81 0.53 0.46 0.12 0.36 0.26 0.41 0.41 8.49 0.79
17290-Bodrum 1.29 0.82 0.67 0.48 0.15 0.41 0.31 0.52 0.47 11.76 0.84
17292-Mugla 1.03 0.79 0.61 0.41 0.14 0.43 0.3 0.47 0.46 9.38 0.81
17296-Fethiye 1.17 0.8 0.58 0.5 0.14 0.37 0.26 0.44 0.41 8.43 0.79
17310-Alanya 1.04 0.78 0.52 0.5 0.15 0.34 0.23 0.37 0.37 6.29 0.73
17330-Silifke 1.5 0.79 0.6 0.6 0.17 0.31 0.21 0.42 0.35 7.03 0.75
17351-Adana 1.68 0.72 0.65 0.61 0.26 0.32 0.18 0.39 0.31 5.21 0.68
17372-Hatay 1.34 0.73 0.65 0.52 0.24 0.38 0.22 0.41 0.37 5.84 0.71
17631-Luleburgaz 2.49 0.61 0.68 0.73 0.41 0.24 0.09 0.27 0.17 3.02 0.5
17638-Istanbul 1.58 0.68 0.78 0.51 0.36 0.43 0.22 0.42 0.36 6.25 0.72
17740-Hinis 1.87 0.63 0.73 0.61 0.4 0.34 0.15 0.33 0.26 4.04 0.6
17792-Salihli 1.61 0.75 0.71 0.56 0.24 0.37 0.24 0.47 0.38 7.68 0.77
17950-Cizre 1.07 0.82 0.59 0.45 0.13 0.4 0.29 0.46 0.45 9.95 0.82
3103-Igdir 32 0.51 0.8 0.75 0.56 0.23 0.07 0.24 0.13 3.08 0.51
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lated from 6939 observation stations and 6939 simulation
data, B, PC, POD, FAR, F, TS, ETS, KSS, HSS, OR, and
ORSS (from 2x2 contingency table) (Table 2). According
to B index (FBI), only Mus, Sanliurfa and Mardin stations
(0.9, 0.95, and 0.98) within the 50 stations simulated lower
than the precipitation number, so that the values are close
to 1. B index value is, respectively, between 1 and 1.5 in
21 stations, 1.51 and 1.75 in 15 stations, 1.76 and 2.09 in
9 stations, and >2.0 in 2 stations. According to the pa-
rameter set of RegCM4 selected generally, therefore, we
could talk about a trend to simulate extreme precipitation.
When the distribution of the locations of the scores is ob-
served, there seem to be important differences among/
between the stations according to their locations.

PC index which could reflect model simulation of the
performance is >0.70 in 24 stations, respectively. In other
26 stations, PC index values are between 0.69 and 0.51. In
92 % of the stations where PC index value is 0.70, the
model and the actual elevation difference is less than 400 m.
It has been observed that classification of the land-sea and
height of these stations has a significant impact on the
observed score.

In verification, one of the simplest and most widely
used ones, consistency of the models, which is strongly
preferred in reflection, is the POD index. POD index is >
0.70 in 29 stations, respectively. In other stations, the POD
index value is also between 0.69 and 0.51 in 21 stations.
The POD values are quite high (0.87, 0.82, 0.8, and 0.8) in
many stations, particularly the Gumushane, Amasya, Sivas
and Igdir stations. This shows that the model is able to
catch a high rate of precipitation in stations. Although some
stations show the high POD value, they show important
differences in the amount of rainfall, (Rize-lowerestimate,
Giresun-overestimate), and this illuminates us the fact that
this model can catch the high rate of rainfall, yet it does
not indicate the same sensitivity as amount. Once the
POD values are associated with the height of the station,
the CH class is seen below the 0.70 POD value in 2
stations.

FAR Index is an index which is correlated with the
value of the POD. In the results of analysis, FAR index
value is <0.50 at 20 stations and between 0.51 and 0.75 at
30 stations, respectively. In the literature, while the value
of POD is increasing, FAR value decreases; this study has
not obtained a similar finding. While the POD value is a
high value, FAR is also equally high (for example: Igdir
station, POD = 0.8, FAR = 0.75). The cause behind this
situation derives from the general tendency in overestima-
tion, and while overestimating, this situation stems from
both the amount of precipitation and rainfall, together or
separately. In this sense, the perfect score of the F index,
which indicates the ability to predict precipitation, is 0.
The F index is <0.30 in 22 of analyzed 50 stations, and
0.31-0.59 in the remaining 28 stations, respectively.
When the POD values of the stations whose F index is
<0.30 are examined, it is seen that the POD values are
smaller than <0.70. Mostly, it was determined that these
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stations were simulated by the model in terms of the
amount of rainfall. This situation can be explained for the
station (Adana, Alanya, Bodrum, Istanbul, Canakkale, Cizre,
Elazig, Fethiye, Istanbul, Izmir, Kahramanmaras, Kilis,
Malatya, Mardin, Mugla, Mus, Sanliurfa, Buca) models
and the number of precipitation days, while the success of
the amount of rainfall is high in the number of rainy days,
days of relatively low-volume failed to succeed. This situa-
tion can be explained as follows. For the stated stations
(Adana, Alanya, Bodrum, Istanbul, Canakkale, Cizre,
Elazig, Fethiye, Istanbul, Izmir, Kahramanmaras, Kilis,
Malatya, Mardin, Mugla, Mus, Sanliurfa, Buca), there is
success in the days without rain and amount, while the
successful amount of rainfall is high in the number of
rainy days, and there is failure in the days of relatively
low-volume rain.

In the model of KSS, the index is the one in which the
simulation ability of both precipitation and rainy days will
be evaluated together. In KSS index values, while the best
score is 0.52 (Bodrum) and the lowest score is 0.20 (Arda-
han), the score of KSS index in 44 stations is seen to be
between 0.52 and 0.30. The perfect score in KSS index
score is 1. The KSS score of RegCM4 and its verification
model for Turkey is similar to other numerical models for
NWP [69].

TS is an incident-driven index which does not take into
account the rainfall precipitation without simulation in the
model as well as the days verified in the observation. That
the stations with the best TS scores, in general, and the
difficulty of defining the relationship between land-sea
topography elevation models cannot be well represented
is interesting. Here the dynamics of the model reflects
better the atmosphere precipitation (rainfall TS score
relatively high on the fact that causes the number of inci-
dents to take place), but it should not be forgotten that the
topographic inconsistency has an adverse effect on the
simulation of the amount of rainfall.

In order to reduce the impact of randomness in the
right prediction, ETS index has been developed. Thus, the
index values are lower than the TS scores. TS values in
the analysis results range from 0.31 to 0.07. According to
ETS scores, although the arrangement of stations between
the stations changes in two stages, the arrangement is
generally the same as the order in line with TS scores.

HSS, TS and ETS indexes aim at reducing the impact
of random-accurate estimation. Differently from other
indices, it uses all the elements of the 2x2 contingency
table in the calculation. HSS scores of investigated sta-
tions range from 0.47 to 0.13. In the arrangement of sta-
tions according to the scores, the scores of KSS, ETS and
TS indicate a parallelism in arrangement. Bodrum, Cizre,
Fethiye, Izmir, Kahramanmaras, Kilis, and Mugla stations
take place among 10 stations which constantly show the
best results according to HSS, KSS and ETS scores. In
the same way, Ardahan, Edirne, Gumushane, Hinis, Igdir,
Kars, Luleburgaz, Rize and Tekirdag are among 10 sta-
tions which show the lowest scores. The fact that 9 sta-
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tions in 10 stations co-exist is the sign of their closeness
in these scores. OR index is required to be as large as
possible when simulation overlaps and does not overlap
with observation. The maximum value of OR is 11.7
(Bodrum) in analysis, while the lowest value is 2.69 (Ar-
dahan), respectively. ORSS index, like OR index, is inde-
pendent of the possible differences between the estimated
values and observation values. ORSS index values show
one-to-one close results as for OR index values and sta-
tion arrangement. While the maximum value of ORSS is
0.84 (Bodrum), the lowest value is 0.46 (Ardahan), re-
spectively, in analysis. ORSS value is > 0.70 in 28 sta-
tions. When the excellent result is expected to be 1 (56%
of the stations have achieved this result), it is the sign of
an important success.

Sen and Turkmen (2012) [69] have analyzed the rain-
fall data of the 2011 model in 8 stations for Turkey by
using the ECMWF and IFS models with the same meth-
ods of verification. When the simulation success of the
ECMWEF is compared to the success of IFS model, IFS
model has shown better results than RegCM4, except FAR
and B indexes of IFS (Table 3). The used period (1.19
years) and station number (8.50) are different in IFS and
RegCM4 models. Comparison has been made in the re-
gion with the complex topography like that of Turkey to
show in which range the results of the globally adopted
IFS models with success for NWP are. Once RegCM4
climate models run for a period of 19 years for the purpose
of modelling, compared with the same method, it was de-
cided that the 24-h forecast values of the IFS model (D
+1) were not far from the obtained results.

The results of these models in different locations with
different models and verification of precipitation data with
the purpose of obtaining index scores are given in Table 3.
Table 3 has been formed as the results of RegCM4 model
analysis by the index results compiled from the reports of
the 2012 country verification of ECMWF (http://www.
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ecmwf.int/ products/ greenbook/2012/index.html). Of IFS,
ALADIN, HIRLAM, COSMO-ME, COSMO-2, RegCM4
models which take place in Table 3, the first two models
are global ones, and the rest are models with limited space
(Limited Area Model). Their horizontal resolutions range
from 2 km to 60 km. Some of them are hydrostatic mod-
els and non-hydrostatic models (HIRLAM, COSMO) in
terms of model physics (IFS, ALADIN, RegCM4). Some
of the countries in Table 3, like Greece, Sweden, and Swit-
zerland, have analyzed 12-h, but mainly 24-h total precipi-
tation values. In addition, these countries have calculated
their reports in different periods (annual, seasonal and
monthly) and different precipitation ranges (range =
thresholds) (multi-category) and different station numbers
(1 to >150). The average of these calculations of such
data is given in Table 3. Only all the index values in Ta-
ble 3 are obtained after 24-h estimation (D +1). When
such differences (model, model physics, location, resolu-
tion, and the number of stations, etc.) are assessed, it is
seen that RegCM4 model score values have a resolution
of about 4.5 times higher than other models with lower
values, but we see that they are not very different from
each other. The positive impact of high resolution models
on atmospheric precipitation parameter has been high-
lighted in many studies, so that atmospheric and hydro-
logical models have always sought to be the way to
achieve constant higher resolutions [70-77]. Under these
conditions, it is quite normal that the scores of RegCM4,
that operates in the range of 50-km grid, and COSMO in
the range of 2.2 km-grid, are lower than that of other
high-resolution models. In the country report of ECMWF,
the positive effect of IFS model with the rise of resolution
from 16 km to 27 km is clearly seen on rainfall (http://
www.ecmwf.int/products/greenbook/). Depending on the
needs of the model, it should be noted that the high reso-
lution will always provide the best result [78]. By taking
into account the model-run length and computer need,
therefore, this wide-ranging study, as to the statistical

TABLE 3 - Comparison of multi NWP models and RegCM4 contingency table index results.

Index (D+1) B PC POD FAR F KSS TS ETS HSS OR ORSS
Turkey' 1.52 0.70 0.70 0.52 0.32 0.38 0.39 0.21 0.34 599  0.69
Turkey” 1.49 0.75 0.81 0.44 0.28 0.53 0.49 0.31 0.46 1329  0.84
Croatia’ 0.91 0.58 0.59

Greece® 1.18 0.65 0.45 0.38

Hungarian® 0.79

Hungarian® 0.76

Ireland’ 0.33

Ttaly” 1.39 0.35

Ttaly* 1.01 0.30

Portugal’ 1.34 0.29 0.43

Portugal® 1.34 0.26 0.39

Romania’ 0.76 0.39

Romania® 0.73 0.35

Sweden ? 0.53

Sweden® 0.50

Switzerland? 1.30 0.68 0.47

Switzerland® 1.39 0.70 0.47

"RegCM4, * IFS, * ALADIN, *COSMO-ME, °* HIRLAM, ® COSMO-2 models are given.
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analysis, determined the run-result as a starting point in
the resolution of 50 km, which was thought as an appro-
priate choice.

4. CONCLUSIONS
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We presented an assessment of a new version
(RegCM4.1) of the regional climate model RegCM4 for
the period 1989-2007 over the East Mediterranean Basin,
with emphasis on the Turkish territory. Of those stations
which evaluate the amount of precipitation according to
scatter plot graphics, 22% have a lower estimate but 78%
an overestimate model. According to the average of rain-
fall, Turkey simulates more than 42 % of precipitation.
There is no difference between the evaluation of the an-
nual total rainfall and the amount of many-year average
rainfall. In general, as the height of station increases, the
rate of overestimation increases, too. According to B, PC,
POD, FAR, F, CSR, TS, ETS, HSS, OR, and ORSS
scores which form the 2x2 contingency table, it was de-
termined that RegCM4 model in the field of NWP model
seems much closer to the success rate of the models used
as operational ones. Selection of the appropriate model
parametrization of these success rates and adjustments for
regional adaptations (tuning) may rise to a higher level
through working in a higher horizontal and vertical reso-
lution of the model and boundary conditions. Besides, the
use of model results through the interpolation of different
methods to station points, and the results of the raw model
(direct model outputs) postprocessing operations with
different techniques (eg bias correction, logistic regres-
sion), will make it easy to raise awareness and sensitivity
of hydrological applications, such as drought and flood
forecasting, along with consciousness to facilitate the
achievement of the desired success rate. Finally, the rain-
fall parameter should be evaluated by using multi-
category contingency tables alongside the 2x2 contin-
gency table in different parameter ranges (thresholds).
Thus, the usability of the model as well as its sensitivity
can be clearly tested in the estimation of hydrologic phe-
nomena, such as extreme rainfall, flood conditions and
overflowing.
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