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Abstract: Tokat is one of the important provinces of Turkey because of its exceptional biological diversity and nearly
unpolluted environment. Detailed spatial information about climatic variables is often required for the studies focused on
environmental modeling as well as agriculture in this region. On the other hand, this kind of information has not been readily
available for Tokat until now. In this study, some climatic variables of the province were assessed and mapped
to fulfill this requirement. Local Climate Estimator (LLOCCLIM) software of the Food and Agriculture
Orgamzation (FAO) and the digital elevation model of the study area (1/25000 scale) were utilized together to
estimate the climatic variables of determined 924 points with 0.02 decimal degree (~4250 m) grid intervals. Using
Kriking method with spherical variogram model, derived climatic data for determined points were interpolated
to raster maps with 30 m resolution in Geographic Information Systems (GIS). As a result, temperature (average,
maximum, minimwumn), precipitation, potential evapotranspiration, water vapor pressure, sunshine fraction and
wind speed raster maps were produced for the province. The relationships between elevation and the climatic
variables were investigated by employing bi-variety correlation analysis. All correlations were found significant
at the 0.01 level Negative correlations were detected for water vapor pressure (-0.988), minimum temperature
(-0.979), average temperature (-0.944), precipitation (-0.702), maximum temperature (-0.582) and wind speed
(-0.298) variables, while sunshine fraction (0.886) and potential evapotranspiration (0.425) showed positive
correlations. Consequences of this study were also summarized and interpreted at administrative district level.
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INTRODUCTION

Regular meteorological observations have been
collected by General Directorate of State Meteorological
Affairs (GDSMA) in Twkey since 1937. Today, this
organization continues its activities under the Ministry
of Environment and Forestry as the General Directorate
of Twkish State Meteorological Service (GDTSMS).
GDTSMS has a countriywide meteorological observation
network with the total 293 stations and it has been a
member of the World Meteorological Orgamzation
(WMO) smce 1949. Currently, there are 69 synoptic, 56
Micro, 168 Macro clinate stations at service in Turkey
and 64 of them are automatic (GDTSMS, 2007). Not only
collecting but also researching, evaluating, interpreting
and publishing of meteorclogical data are among the
duties of GDTSMS. Although GDTSMS has immense
meteorological database, the studies that interpret this
database mn regional basis are not enough to fulfill
the detailled spatial mformation requirements of
administrative districts. The produced climatic raster maps
by GDTSMS are generally country base and they do not
have enough details in regional basis. Moreover
accessing the GDTSMS data 1s sometimes difficult and
costly. Therefore, there 15 still a strong need for the
studies that develop detailed climatic surfaces (raster

maps) at the admimstrative district level by using
reliable and effective methods with minimum cost.
Data access and evaluating problems orientated
several institutions to develop some climatic software.
Food and Agriculture Organization (FAO) of the United
Nations (UN) developed LOCCLIM software which 1s a
powerful local climate estimator (Grieser, 2002). In basic,
LOCCLIM presents an estimate of the climate at any
location (point) in the world by using either its 1 km
resolution elevation database or user-defined elevation
database. This flexibility offered to produce more accurate
estimates, 1f detailed elevation data 1s available. The
generation of climatic surfaces from point-source data 1s
a necessary step required for modeling ecological and
hydrological processes across landscapes (Jolly et al.,
2005). At this stage, spatial interpolation techniques have
been successfully utilized to produce climatic surfaces
(Holdaway, 1996, Kurtzman and Kadmon, 1999,
Semenov and Brooks, 1999; Jeffrey et af., 2001; Lee and
Hogsett, 2001; Gyalistras, 2003, Vicente-Serrano ef af.,
2003; Apaydin et al., 2004) and geographic information
system (GIS) has facilitated the interpolation, modeling
and mapping processes of climatic data (Patz and
Balbus, 1996; Osterkamp et al., 2001; Svensson et af.,
2002; Bradley et af, 2002). Consequently, there are
some possibilities to produce reliable climatic raster
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maps at the regional basis by weing DOCCLIM and
GI3 together (Dogan, 2007).

Tokat provinee of Twhkey has an important
geographic position where hologeal diversity and
agriculture gained great importance. Therefore, climatic
raster tmaps ae one of the basic requirements for
agricultiral ahd ecological modeling studies inthis reglon.
Detailed climatic raster maps of the region ae not
available until now. To flfill these recquiremerts, tlis
studchr aittied to develop raster maps that reveal the spatial
distritnion of climatic variables of this province and
cotudacted in 2007, The produced climatic raster maps
established a srong backg ound to help the researchers
atud decision moakers who wotk in the region and can be
helpful  for the studies especially  devoted to
etrrirotunertal modeling and agricultural activities.

MATERIAL S AND METHOD S

Study area: Tokat provnce takes place at the crossing
zone bebween the Middle Black Sea and Inner Anatolia
regiots of Twkey (Fig 14). The general topography of the
study area shows mowntanous characters and elevation
chatges between 25 and 2416 m (Fig 1H). There are
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several (Miksar, Erbas Kazovd) plains inthis region MWan
landim arkes are the ¥Vaylacik (1622 m) and Marvo (1792 m)
Mourtains it interior part, Carik Mowtains (1646 m) in
north, Koge Mountsins and Aasmal Mowntain (2416 m) in
east, Devend Mountains in south, Buzluk Mountains in
west Vesilinmak River and Kellit Stream are the prineiple
dratnages. Semi-atid Upper DMeditertanean Bioclimatic
chatacteristics with cold winters prevail in the tegion
(&kman and Daget, 1971, Akman 1999, Tokat covers
9912 lan® suface area and has 12 administrative districts
namely, Almus, Artova, B ageifflik Centre, Frbaa Miksar,
Pamar, Fesadive, Sulusaray, Twhal Vesilyort and Zile

(Fig. 11).

Methodology: The spplied methodology in this study
based on the hest estitn stes of the determined poirts in
LOCCLIM softwrate (Grieser, 20020 and the cotrversion of
the detived poitit data to climatic raster mapsin ARCGIE
(ESRI, 2004; ESRIL 2005). As a first step, geographic
teferences that belongs to the corners of the shidy area
(Lat 39.93-4091, Lorgz: 35.45-37 640 were determined by
utilizing the digital map of the study area in ARCGIE.
Thety, the determined references and desired grid interval
(0.05 decimal degrees~4250 m) were erteredin LOCCLIM

Fig. 1. (4 Geogaphic location and (W) plorsical geograplor of the study area. Hote: the names of adm inistrative districts

were writter: by white color
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by using “set locations from gid’ option &As a result,
poinnt data thet cover the study area were established as
a text file in LOCCLIM. Established text file opened,
orgarized and saved as database format (dbf) in Exce
software (Mlicrosoft, 2003).

Determined points (dbf file) were overlayed on the
elevati ot vaster map of the study area (125000 scde) and
elevation walues of these points were extracted in
ARCGIE. In this way, a point GIY Z) databage including
elevation walues was established and exported to a text
file. The resdlting tex t Y 2 file was opetied by using set
locations from file option in LOCCLIM and desired
wati dhle s (moonthly m ean tem peratures, precipitat o, wind,
potential evapotranspiration, sunshine fraction, water
vapor pressure), outputs (hest estim e, confidence
intervals: 951, itwverse distance weighted aweraging
optiots  (power  exponent: 1, nearest  neighbor
approximation  if  mininown distance =10, clitmatic
cotrecticns (altitude and horizontal corrections), altitade
(elevation provided in imgut file), size of nei ghborhood
(maiman distance in km: 500, maimoen menber of
stations 200 and  altitude restrictions (default) were

determined ity the options mens of LOCCLIM. Selecting
‘getting locdiong’ and ‘save’ buttons in the same merm,
the best estimates were astomatically generated and
saved as text files in LOCCLIM. Derived text files that
cottain the best estimates of climatic wvarishles were
opened and organized in Microsoft Excel and saved as
dbf files Constituted dbf files were corrverted to climatic
ragter maps (30 m resolution by applying Kriking method
with spherical variogram model in ARCGIS, The climatic
data that belong to 924 points were analyzed in SP33
software (BP23, 20010 and relationships among the
clitnatic wariables were inwestigated by applying
bivatide correlation anslysis (Pearson coefficients).
Finally, ammial distributions of climatic wariables at
admirdstrative district level were sunmarized as bar

graphs and irderpreted.
RESULTS
Generated climatic point data in LOCCLIM: The

determined 924 ponts and selected swrounding (190
staions by LOCCLIM wete shown in Fig 2aandh,

Fig 2: (4 The determined 924 poirts and (1) selected 19 stati ons by LOCC LI
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respectively. Using the stations information and user
defined elevation data, the best estimates of climatic
variables were automatically calculated for determined
points and saved by LOCCLIM. The graphs, prepared by
using the average climatic values of 924 points, portrayed
the climatic characteristics of Tokat province very well
(Fig. 3a-d). Precipitation (PRECTP) is generally high in the
winter (December, January and February) and spring
(April and May) periods and the highest PRECIP values
were recorded within the periods of April-May (Fig. 3a).
The least PRECIP (6-7 mm) values were detected between
July and September when mean temperatwre (TEMP)
reached its highest level around 20°C (Fig. 3a). This was
also known as the critical period for plants. The coldest
days were recognized between January and February
(Fig. 3a) and the highest maximum (TEMPMAX) and the
lowest minimum (TEMPMIN) temperatures were recorded
in August (28.96°C) and Tanuary (-3.61°C), respectively
(Fig. 3b). Potential evapotranspiration (PET) and water
vapor pressure (WAP) values also increased in June, Tuly
and August (Fig. 3c¢). Similarly, sun shine fraction
(SUNSHINE) increased in the summer season (Fig. 3d).
Wind speed (WIND) fluctuated dwring a year and the
strongest winds appeared in April and July (Fig. 3d).

Developed climatic surfaces in GIS: Majority of climatic
raster maps, produced in annual mean basis, showed
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parallelism with each others and an inverse relationship
between elevation and the climatic variables attracted
attention in these maps (Fig. 4). For instance, TEMP
(Fig. 4a), TEMPMAX (Fig. 4b), TEMPMIN (Fig. 4¢) and
PRECIP (Fig. 4d) values increased in Kazova, Niksar and
Erbaa plains, while these climatic variables decreased in
Canik Mountains m north, Yaylactk Mountain in center,
Deveci Mountains in south and Asmal Mountain in
southeast (Fig. 1b). Basically, PET values (Fig. 4e)
increased from North to South. Low PET values were
detected in Erbaa and Niksar plains, while the lugh PET
values were found around Deveci Mountains. WAP
(Fig. 4f) and SUNSHINE (Fig. 4g) raster maps showed
opposite characteristics with each other. When WAP
values decreased in higher elevations, SUNSHINE values
increased. Therefore, high WAP and low SUNSHINE
values were detected in Kazova, Niksar and Erbaa plains,
while low WAP and high SUNSHINE values were
recognized m Carnik, Yaylactk and Asmal mountams.
Finally, WIND (Fig. 4h) showed a fluctuated spatial
distribution in the study area. For this reason, a

relationship between elevation and WAP could not be
observed from the raster maps. The highest WIND values
were detected around the main plains (Kazova, Niksar and
Erbaa) and Asmali Mountain.
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Fig. 3: Annual distributions of climatic variables in Tokat. (a) precipitation (PRECTP) and mean temperature (TEMP); (b)
maximum (TEMPMAX) and minimum (TEMPMIN ) temperatures; (¢) potential evapotranspiration (PET) and water
vapor pressure (WAP); (d) sunshine fraction (SUNSHINE) and wind (WIND)
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Fig 4 Dewveloped climatic raster maps of the stody area in srwal mean basis; (4) moean temperatare (TEREPY, ()
maxitnon temm peratiwe (TEMPRAD ) () minimwn termper atare (TERMPRMINY, (d) precipitation (PRECIFY, (&)
potential evapotr anspiration (FET), () water vapor pressuare (WA, () sunshine fraction (3UNSHINE) and (h)

witid speed (VWIH DN

Reltionship shetween climatic variahles: Scatter plots
indicated the characteristics of relationships between
elevati on and climatic variables (Fig. 5. Accor ding tothe
scatter plots, clear negative (inverse) relationships were
determined for the WaAP, PRECIP, TELMF, TERMPLA
atud TEMPLIN climatic variables, while a distitict positive
relati onastip was observed for SUNSHINE variable. Onthe

other hatd a clear relationship cowld not be seen for
WIND and PET wariables at a glance. Correlation analysis
statistically clarified relationships between elevation and
climatic wariables. The results of correlation analysis
(Pearson coefficients) were sanmoarized in Table 1. Al
cottelations were found significart at 0.01 levels Except
FET and 3SUNSHINE, all climatic +ariables showed
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Fig. 5: Scatter plots of elevation and climatic variables
Table 1: Correlation analysis results (Pearson Coefficients)
ELEV PET SUN WAP WIND PRECIP TEMP TEMPMAX TEMPMIN
ELEV 1
PET 0.425%* 1
SUNSHINE 0.886%* 0.603** 1
WAP -0.988** -0.497** -0.855%* 1
WIND -0.298** 0.149** -0.249** 0.246%* 1
PRECIP -0.702%* -0.793** -0.630** 0.788** -0.029 1
TEMP -0.944** -0.186** -0.721** 0.932%* 0.319** 0.584** 1
TEMPMAX -0.582%* 0.400** -0.228** 0.548** 0.302%* 0.099%* 0.797** 1
TEMPMIN -0.979** -0.435%* -0.827** 0.989** 0.285** 0.757** 0.957** 0.602%* 1

**Correlation is significant at 0.01 levels, ELEV: Elevation (m), PET: Potential evapotranspiration (mm), SUNSHINE: Sunshine fraction (%), WAP: Water
vapor pressure (hPa), WIND: Wind speed (m sec™), PRECIP: Precipitation (mm), TEMP: Mean temperature (°C), TEMPMAX: Maximum temperature (°C),

TEMPMIN: Minimum temperature (°C)

negative (inverse) relationships with clevation. The
highest correlations were observed for WAP (-0.988),
TEMPMIN (-0.979), TEMP (-0.944), SUNSHINE (0.886)
and PRECIP (-0.702), respectively. On the other hand, PET
(0.425) and WIND (-0.298) variables showed low
correlations.

Interpretation of annual distributions: The results
showed that, TEMP variable changes between 21.07 and

-4.20°C in administrative districts (Fig. 6 and Appendix 1).
From high to low TEMP values, the districts can be
sequenced as Erbaa, Niksar, Pazar, Turhal, Zile, Centre,
Yesilyurt, Sulusaray, Resadiye, Almus, Artova and
Bagciftlik. In TEMPMAX point of view, values vary
between 30.70 and 0.81°C. Although the hottest days
(30.70°C) are recognized in Yesilyurt, Pazar is the district
where annual mean TEMPMAX (17.82°C) is the highest.
Considering the annual means of TEMPMAX, the
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Mean temperature (°C)

Pazar Yesilyurt Turhal Erbaa

Artova

Niksar  Erbaa Resadiye Basciftlik Zile

Centre Zile

Minimurn temperature (*C)

Almus Basciftlik Sulusaray Yesilyurt Resadiye Centre  Niksar

Pazar  Turhal Sulusaray Almus Yesilyurt Centre

Sulusaray Niksar Artova  Almus Resadiye Basciftlik

Zile Turhal

Precipitation (mm)

Artova

Fig. 6; Annual distnbutions of mean temperature, maximum temperature, minimuim temperature and precipitation in the

admimistrative districts of Tokat province

districts can be ordered as Pazar, Yesilyurt, Turhal, Erbaa,
Centre, Zile, Sulusaray, Niksar, Artova, Almus, Resadiye
and Baggiftlik in a descending manner. Low TEMPMIN
values are generally recorded in January, February,
December, March and November. Artova experiences the
coldest days (-8.24°C) m January and Niksar and Erbaa
have relatively mild winters comparing to others. Monthly
mean PRECIP changes between 67.97 and 0.89 mm in
the area. Considering annual means, Niksar receives the
highest PRECIP (45.12 mm), while Artova has the lowest
PRECIP (25.25 mm).

Maximum (204.54 mm) and minimum (4.08 mm) PET
variables are detected in July and December, respectively
(Fig. 7 and Appendix 2). Considering annual means, PET
changes between 87.47 and 72.62 mm and districts can be
ordered as Yesilywrt, Artova, Sulusaray, Centre, Pazar,
Almus, Turhal, Zile Baggiftlik, Erbaa, Niksar and Regadiye
in a descending manner. WAP variable reaches its
maximum in July and minimum in January. The highest
(14.48 hPa) and the lowest (3.55 hPa) WAP values are
determined i Erbaa and Bageiftlik, respectively.
Respecting annual means, the districts can be sequenced
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Fig. 7
in the administrative districts of Tokat province

as Erbaa, Niksar, Pazar, Turhal, Zile, Centre, Sulusaray,
Regadive, Yesilyurt, Bagciftlik, Almus and Artova 1 a
declining way. SUNSHINE values change between
42.51 and 97.35% and the sunmest days have been
recognized in August, while the lowest values have been
recorded in JTanuary. According to annual means, Artova
(69%) and Yesilyurt (68%) are the sunmest districts and
these two are followed by Almus, Basgiftlile, Centre,
Sulusaray, Resadiye, Pazar, Zile, Turhal, Niksar and Erbaa
in an order. Finally, WIND speeds change between
1.07 and 2.25 m sec™. Maximum and minimum WIND

values have been recorded in July and November,

Centre  Turhal Ariova ISulusm'ay

Zile

Erbaa  Almus Niksar Basciftlik Resadiye

Annual distributions of potential evapotranspiration, water vapor pressure, sunshine fraction and wind speed

respectively. Yesilywt is the district that has the highest
annual mean WIND (1.74 m sec ") values and it is
followed by Pazar, Centre, Turhal, Artova, Sulusaray, Zile,
Erbaa, Almus, Niksar, Baggiftlik, Resadiye districts.

DISCUSSION

LOCCLIM was found successful to generate local
climatic data that i1s sutable for mapping process.
Produced results are in accordance with the general
climatic characteristics that were explained by GDTSMS
(2007). Moreover, the produced results improved the
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quality of climatic data that is far beyond from this general
evaluations. Within the frame of general concepts,
temperature varies with location and season and
decreases 6.5°C per 1000 m increase in altitude on a
global average (Lutgens and Tarbuck, 1995). Moreover,
precipitation increases with  higher elevations
(Hevesi et al., 1992; Daly et al., 1994). The results of this
study exposed that temperature values fit these
general concepts. In another words, all temperature
related variables (TEMP, TEMPMAX and TEMPMIN)
decreased in higher elevations. On the other hand,
precipitation variable showed different characteristics
from the general concepts above and decreased in
higher altitudes. This indicated that not
only elevation but also some other geographic factors
might be effective on the precipitation characteristics
of the study area. It 1s thought that Camk Mountams
between the Black Sea and Tokat province may

situation

leave the precipitation regime outside of this general
concept, because it constitutes a natural barrier against
the prevailing winds from the sea. Consequently, north
aspects of the Camuk Mountains receive the mam part of
precipitation and this condition decreases the amount of
precipitation at the inner regions.

There is
temperature and PET, because of a relation between

a positive relationship between air

temperature and the saturation vapor pressure of air
(McCabe and Wolock, 2002). Tn this study, higher values
of PET and WAP m hot summer season confirmed
this concept (Fig. 3c¢). In addition, decreasing WAP in
higher elevations (Fig. 5 and Table 1) indicated the
reliability of WAP results. The PET values, however, did
not suite this concept in some certain places such as
Devect and Asmali mountamns. The reliability of the
produced PET wvalues in these places is under question

and this should be further investigated. Throughout
the Yegilirmak riverbed, WIND values increased from
center to west. Considering physical topography of
the area, the high values of WIND in these areas were
found reasonable.

Overall results indicated that all climatic surfaces
except PET (in some places) were found reasonable in this
study. Without high station density, it s difficult to
capture the spatial change of some climatic variables such
as PET and PRECIP (Thomas and Herzfeld, 2004).
Therefore, some of the discordances can be solved by
adding more weather stations in the region and updating
the database of LOCCLIM. In this way, the quality of the
climatic raster maps can be improved in the future.

CONCLUSION

In this study, high resolution climatic surfaces that
are highly mnportant for ecological and agricultural
studies in the Tokat province of Twkey were developed
in raster format and presented to the users. This is the
first time that the climate of Tokat was nvestigated in
this manner. LOCCLIM showed good performance to
produce the best estimates at the point base and
fully developed GIS was effectively applied for the
transformation process of climatic data from point to
raster. Established climatic raster maps supplied valuable
spatial data for modeling studies as well as good
visualization. In this way, the value of the climatic data
was increased. The overall results showed that some
discordance could be appeared for some variables such as
potential evapotranspiration in some places. However,
these kinds of disagreements can be fixed by further
investigations m the region and updating the climatic
database of LOCCLIM.

Appendix 1: Annual distributions of temperature and precipitation variables in administrative districts of Tokat Province

Mean temperature (°C) in months

Administrative

district name 1 2 3 4 5 6 7 8 9 10 11 12 Annual
Erbaa 1.23 2.80 6.19 11.06 15.03 18.47 21.02 21.07 17.88 13.09 8.09 371 11.64
Niksar 0.56 211 5.04 10.62 14.74 18.24 20.92 20.94 17.73 12.86 7.63 313 11.26
Pazar -0.57 1.49 5.96 11.36 15.43 18.62 21.04 21.06 17.69 12.52 6.76 1.95 11.11
Turhal -1.05 1.07 5.66 11.15 15.14 18.14 20.53 20.57 17.26 12.09 6.31 1.47 10.69
Zile -1.45 0.60 518 10.62 14.63 17.71 20.23 20.25 16.90 11.71 5.98 1.12 10.29
Cenlre -2.39 -0.16 4.79 10.57 14.75 17.86 2048 20.48 16.94 11.61 5.43 0.34 10.06
Yesilyurt -2.65 -0.49 4.51 10.35 14.76 18.19 20.98 20.84 17.05 11.59 5.36 019 10.06
Sulusaray -2.77 -0.69 4.16 9.89 14.11 17.34 20.05 19.99 16.42 11.14 5.15 0.08 9.57
Resadiye -2.52 -0.69 3.65 9.24 13.58 16.83 19.73 19.66 16.37 11.23 5.32 0.28 9.39
Almus -3.85 -1.74 3306 9.46 13.98 17.35 20.39 20.26 16.54 11.00 4.49 -0.91 9.19
Artova -4.20 -1.82 3.62 9.69 13.90 16.88 19.57 19.52 15.90 10.49 4.06 -1.27 8.86
Basciftlik -3.75 -1.77 3.03 8.90 13.16 16.27 19.32 19.32 15.99 10.66 4.38 -0.82 8.72
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Appendix 1: Continued
Maximum temperature (°C) in months

Administrative

district name 1 2 3 4 5 6 7 8 9 10 11 12 Annual
Pazar 3.09 0.37 11.87 18.16 22.90 20.54 29.34 29.70 20.45 20.01 12.63 6.13 17.82
Yesityurt 2.13 4.81 10.91 17.73 22,93 20.89 30.40 30.70 27.05 20.14 12.04 4.85 17.55
Turhal 3.00 584 11.62 18.02 22.72 20.16 2892 20.23 25.97 19.46 11.99 539 17.36
Erbaa 5.00 7.01 11.22 16.79 21.16 24.94 27.69 28.06 25.00 19.32 13.16 742 17.23
Cenfre 2.09 4.78 10.85 17.62 22.65 20,22 29.35 29.83 2041 19.64 11.69 4.72 17.15
Zile 2.84 5.57 11.27 17.56 22.23 25.85 28.85 29.10 25.79 19.31 11.82 5.22 17.12
Sulusaray 2.09 4.71 10.72 17.36 22.34 26.14 29.54 29.86 26.36 19.60 11.69 4,71 17.09
Niksar 4.68 6.55 10.74 16.44 21.00 24.83 2777 28.17 25.11 19.34 13.01 7.15 17.07
Artova 0.81 3.74 10.51 17.62 22.82 2632 29.69 30.07 2047 19.37 10.91 345 16.82
Almus 1.11 3.47 9.48 16.57 21.97 2571 29.40 29.85 26.23 19.27 11.19 3.85 16.51
Resadiye 2.20 4.24 9.26 15.69 20.74 24.28 27.63 28.05 24.87 18.62 11.44 4.79 15.98
Basciftlik 0.87 3.30 8.83 15.65 20.74 24.20 27.74 28.22 24.92 18.22 10.45 3.51 15.54

Minimum temperature (°C) in months

Administrative

district name 1 2 3 4 5 6 7 8 9 10 11 12 Annual
Artova -8.24 -6.41 -2.00 2.90 6.16 819 10.27 9.80 6.05 2.22 -1.87 -5.23 1.82
Almus -7.83 -6.39 -1.88 3.01 6.63 8.90 11.46 11.04 7.21 315 -1.09 -4.79 245
BRasciftlik -7.67 -6.24 -1.92 2.98 6.60 B.87 11.46 11.14 770 3.58 -0.71 -4.50 2.0l
Sulusaray -6.79 -5.16 -1.25 3.39 0.72 9.07 11.21 10.82 717 3.33 -0.69 -3.90 2.83
Yesityurt -6.78 -5.14 -1.12 3.57 7.01 9.50 11.79 11.34 7.49 3.56 -0.560 -3.90 3.06
Resadiye -6.58 -5.34 -1.50 3.25 6.95 9.33 11.98 11.67 8.20 4.17 0.09 -3.58 3.23
Cenfre -6.43 -4.74 -0.70 4.10 7.47 9.78 12.10 11.71 8.07 4.07 -0.14 -3.59 3.48
Zile -5.25 -3.82 -0.43 4.07 7.35 9.73 11.76 11.53 8.19 4.35 0.47 -2.59 3.78
Turhal -4.84 -3.37 0.12 4.69 7.97 10.30 12.36 12.11 8.76 4.83 0.87 -2.30 4.29
Pazar -4.46 -3.00 0.42 4.91 8.24 10.74 12.90 12.64 9.21 5.31 1.31 -1.91 4.69
Niksar -3.35 -2.22 0.81 5.06 8.70 11.54 14.08 13.89 10.60 6.60 2.65 -0.69 5.4
Erbaa -2.53 -1.38 1.39 5.60 9.15 12,01 14.42 14.27 11.06 7.09 3.24 0.03 6.20

Precipitation (mm) in months

Administrative

district name 1 2 3 4 5 6 7 8 9 10 11 12 Annual
Niksar 5531 4498 4990 62.69 59.38 43.17 18.57 16.47 24.76 46,64 55.06 6449 45.12
Erbaa 52.61 4263  47.67 60.73 57.17 42,59 18.83 16.45 2513 45.80 53.81 61.95 43.78
Resadive 47.72 4030 4832 67.09 67.67 39.22 7.92 6.55 13.20 29.98 41.50  53.87 38.61
Basciftlik 42.65 37.84 4633 66.08 67.97 37.81 412 3.28 6.99 22.94 36,49 4932 35.15
Zile 4308 36025 4221 56.61 60.32 39.93 8.49 4.26 11.37 21.25 31.48 4609 33.44
Pazar 42.83 3373 3922 54.90 57.58 35.48 7.70 5.35 11.37 22.59 3174 44.56 32.26
Turhal 4049 3280 3943 56.57 59.53 30.55 7.03 4.30 Q.76 19.54 2028 4272 31.50
Sulusaray 4247 3524  41.84 55.04 59.04 35.01 3.57 2.10 7.86 18.48 20.13 4410 31.15
Almus 39.01 33.01 41.12 59.57 63.10 2871 3.55 2.87 6.49 15.85 2515 3942 29.82
Yesilyurt 4092 3255 3880 52.48 56.28 20.29 1.40 1.26 4.05 13.19 23.89 3922 27.78
Cenfre 30.67 29.51 3585 54.56 59.59 30.14 332 2.26 5.53 13.03 23.77 3697 27.65
Artova 33.68 2846 3585 54.22 61.60 30.74 0.89 1.40 1.72 5.66 16.70 3213 25.25

Appendix 2: Annual distributions of potential evapotranspiration, water vapor pressure, snnshine fraction and wind speed variables in administrative districts
of Tokat Province
Potential evapotranspiration (mm) in months

Administrative

district name 1 2 3 4 5 6 7 8 9 10 11 12 Annual
Yesilyurt 8.25 1848 4887 90.15 13275 166.63 204.54 185.21 115.95 55.52 17.30 5.98 87.47
Artova 7.18 17.50  48.80 90.79  131.59 161.05 201.74  184.07 115.93 54.60 16.06 4.70 86.17
Sulusaray 810 17.88 47.19 86.76  127.17 15834 197.67 179.24 112.20 53.94 16.90 5.97 84.28
Centre 9.24 1948 49.32 88.69 127.92 157.48 190.89  174.26 111.25 52.52 15.73 6.26 83.59
Pazar 11.28  21.35 4923 86.08 123.83 153.80 185.56  169.13 108.32 53.14 17.28 843 82.29
Almus 6.31 1517 4438 84.06 124.61 154.93 191.86  173.61 108.15 49.96 14.60 4.08 80.98
Turhal 10.23  19.96 47.50 84.50 121.72 150.27 184.07  167.90 107.43 52.15 16.44 7.35 80.79
Zile 8.58 1825 4532 81.89 119.32 147.62 184.05 167.12 105.02 51.41 16.08 6.23 79.24
Basciftlik 6.06 14.21  41.85 79.11 116.53  142.87 179.68  162.15 101.97 46.19 12.97 5.25 75.74
Erbaa 13.77  21.93 4543 76.39  110.15 138.83 165.68  149.89 96.40 48.36 18.01 11.96 74.73
Niksar 11.94 2015 4442 76.46  111.23  140.16 16747 150.72 96.47 47.35 16.70 1042 74.46
Resadive 7.01 1505 41.11 7586  111.72 13833 170.00  152.57 95.92 44.71 13.47 5.66 72.62
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Appendix 2: Continued

Water vapor pressure (hPa) in months

Administrative

district name 1 2 3 4 5 6 7 8 g 10 11 12 Annual
Erbaa 5.18 5.43 6.48 8.25 11.18 13.24 14.48 14.46 12.22 9.70 7.93 612 9.56
Niksar 4.96 5.19 6.28 7.95 10.69 12.54 13.85 13.71 11.63 9.21 7.59 579 9.12
Pazar 4.80 5.01 6.01 7.64 10.23 11.65 12.45 12.27 10.38 8.40 7.18 570 8.48
Turhal 4.59 4.83 5.82 7.42 10.01 11.41 12.16 11.97 10.09 8.11 6.90 551 8.24
Zile 4.56 4.77 571 7.24 9.71 11.08 11.79 11.62 9.69 7.81 6.73 547 8.01
Centre 4.19 4.39 5.51 7.01 9.28 10.24 10.82 10.53 8.98 7.25 6.33 4.99 7.46
Sulusaray 4.28 4.46 5.50 6.88 9.06 10.12 10.70 10.33 8.80 7.08 6.25 5.09 7.38
Resadiye 3.96 4.19 5.29 6.70 8.9 10.16 11.19 10.82 9.27 7.30 6.11 4.62 7.38
Yesilyurt 4.33 4.50 5.58 6.99 9.00 9.83 10.35 9.98 8.55 6.94 6.19 5.08 7.28
Basciftlik 3.55 3.82 5.02 6.30 8.42 9.34 10.13 9.67 831 6.52 5.55 4.08 6.72
Almus 371 3.92 5.07 6.43 8.33 9.03 9.79 9.33 8.16 6.39 5.55 4.40 6.68
Artova 3.80 3.99 5.07 6.35 8.35 9.00 9.28 8.84 7.59 6.17 5.59 4.56 6.55

Sunshine fraction (%) in months

Administrative

district name 1 2 3 4 5 6 7 8 9 10 11 12 Annual
Artova 47.06 48.35 52.88 61.53 66.94 79.71 9512 97.35 91.35 74.59 61.06  47.06 69
Yesilyurt 46.63 4838 5225 60.63 67.00 80.63 94.25 95.75 90.13 74.38 61.00 47.38 68
Almus 46.38 4945 5259 60.50 65.93 79.43 93.03 94,52 88.40 72.60 60.43 4740 68
Basciftlik 48.45 51.00 53.45 60.73 65.09 76.82 90.91 92.18 B6.55 71.36 61.82  49.09 67
Centre 47.00 4884 5240 60.41 65.81 78.25 90.68 92.63 87.11 72.07 60.69 4777 67
Sulusaray 45,92 4733 5142 59.08 65.25 78.08 92.25 93.58 87.67 72.75 60.08 4658 67
Resadiye 47.96  50.85 5213 58.56 63.13 75.19 B6.75 88.19 82.77 68.85 60.35  48.50 65
Pazar 45.25 46,50 49.50 57.00 63.13 75.25 86.00 87.63 82.13 69.13 58.63 4613 64
Zile 44.42 4563  49.08 56.67 62.92 74.58 87.28 89.00 82.41 69.88 58.41 4508 64
Turhal 4312 44.21  47.56 55.53 62.23 73.79 B5.65 87.30 80.63 67.98 57.53 4374 62
Niksar 45.50 48.08 4890 55.20 61.05 73.05 8213 83.05 77.50 66.03 58.28 47.05 62
Erbaa 42.51 4457 45.60 51.96 58.83 70.62 79.94 80.96 73.83 63.60 55.81  44.15 59

Wind speed (m sec™") in months

Administrative

district name 1 2 3 4 5 i} 7 8 9 10 11 12 Annual
Yesilyurt 1.66 1.63 1.91 2.11 1.91 1.93 2.25 2.07 1.59 1.30 1.18 1.41 1.74
Pazar 1.72 1.69 1.89 2.03 1.84 1.84 2.17 2.4 1.68 1.30 1.22 1.48 1.74
Centre 1.71 1.64 1.91 2.07 1.88 1.83 2.14 1.98 1.57 1.23 1.17 1.46 1.72
Turhal 1.61 1.63 1.85 2.00 1.82 1.80 2.18 2.07 1.69 1.27 1.16 1.40 1.71
Artova 1.57 1.50 1.83 2.09 1.89 1.86 2.25 2.4 1.54 1.23 1.08 1.34 1.69
Sulusaray 1.56 1.53 1.82 2.02 1.84 1.8 2.23 2.05 1.57 1.26 1.11 1.36 1.68
Zile 1.49 1.54 1.76 1.95 1.77 1.77 2.20 2.07 1.65 1.26 1.09 1.31 1.66
Erbaa 1.69 1.65 1.80 1.84 1.66 1.68 1.98 1.90 1.63 1.27 1.22 1.50 1.65
Almus 1.50 1.43 1.82 2.02 1.85 1.85 222 2.05 1.51 1.20 1.07 1.27 1.65
Niksar 1.68 1.57 1.80 1.87 1.69 1.70 1.98 1.89 1.57 1.28 1.20 1.47 1.64
Basciftlik 1.54 1.39 1.83 2.02 1.82 1.76 2.13 1.98 1.51 1.26 1.09 1.36 1.64
Resadive 1.55 1.41 1.79 1.92 1.75 1.73 2.06 1.93 1.48 1.27 1.12 1.34 1.61
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