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Abstract

This paper deals with preliminary results of wider on-going scientific research about climate changes in Split
Dalmatian County. Complete data base consisted of daily air temperature from January the 1% 1948 to
December the 31 2008 is taken into account but due to the nature of this article authors are focused only on
the significance of air temperature oscillations in the last decade. For these reason standard deviation of air
temperature is evaluated for the entire period of last sixty years and separately for each decade, each year and
each month. The basic hypothesis that air temperature fluctuations from decade to decade have continuous
upward trend is tested. The linear and polynomial air temperature oscillation trends for mean annual, mean

five-year and mean ten-year air temperature are analyzed. The integral part of the research is the detailed

comparative analysis of monthly air temperature oscillations for the last ten years.
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1. INTRODUCTION

Split Dalmatian County is located on the Adriatic coast and in the historical, cultural and socio-economic
sense belongs to the Mediterranean climate region. By its geographical position the Adriatic Coast is one
area with a temperate climate, where there is no distinct coldness or heat. In the summer time the air

temperature maximum is in the range from 36°C to 38°C. The lowest winter air temperature oscillates from -
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6°C in the South to -16°C in the Northern Adriatic. It is important to stress that in the Adriatic area there are

small differences in daily and seasonal air temperature changes with no significant temperature amplitude.

Climate has a crucial impact on the economy of the whole Dalmatian region but it especially refers to its
capital — Split. Split is the third passenger port of Mediterranean and one of the biggest Croatian tourist
destinations. Dominant type of tourism is transit tourism and moreover numerous cultural, economic, sport
and touristic outdoor manifestations often take place in Split throughout the whole year. For planning all
mentioned it is extremely important to predict accurately movement of the basic climate indicators. That is
why an interdisciplinary team of scientists has been engaged in research on climatic changes in the last
decade and on predicting their effects on integral socio-economic life of Split-Dalmatia County. Data Source

for entire research is from Meteorological Station Split-Marjan.

This paper deals with preliminary results of wider on-going scientific research about climate changes in
mentioned region. Basic climate indicators related to air and sea temperature, precipitation as well as
direction and strength of winds has been daily monitored at the Meteorological Station Split-Marjan since
January 1* 1948. The whole rich data base about basic climate indicators is taken into account but due to the
nature of this article authors are focused only on the significance of air temperature oscillations in the last
decade. Official data on the air temperature at the Meteorological Center Split are monitored as air

temperature in 7am, 2pm and 9pm for each day.

As the average daily air temperature in meteorology the simple arithmetic average of the above mentioned
air temperatures has bee accepted. Namely, it is calculated as the simple arithmetic average of the sum of the
temperature measured at 7am and 2pm and the double amount of temperature measured at 9pm divided with

four.

In the last sixty years the air temperature oscillations have not been systematically measured. For these
reason in this paper standard deviations of air temperature have been evaluated for the entire period of last
sixty years and separately for each decade, each year and each month. The origin idea was to test the basic
hypothesis that air temperature fluctuations from decade to decade have a continuous upward trend.
However, previously conducted graphical analysis has clearly shown that there are no statistically significant

fluctuations in air temperature neither at the annual nor at the monthly level of research.

The structure of the paper is organized as follows. In the second section the linear and polynomial air
temperature oscillation trend for mean annual, mean five-year and mean ten-year air temperature are
analyzed. In the third section air temperature standard deviations for each decade, each year and each month
are table presented. The forth section estimates the results of the comparative graphic analysis of air
temperature mean and standard deviation for each month in the last sixty years, while the fifth section

summarizes the results of the research and provides conclusion remarks.
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2. THE LINEAR AND POLYNOMIAL AIR TEMPERATURE OSCILLATION
TRENDS

2.1. The linear and polynomial annual mean air temperature oscillation trend

The air temperature oscillations analysis has been started with analysing linear and polynomial trend of mean
air temperature at the annual level. For this purpose the wider data base has been available, so at the Figure
1. the linear and polynomial annual mean air temperature oscillation trend for the entire period from 1926 to

2000. has been presented ( data break is since war period from 1940 to 1946).
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Figure 1.:  Linear and Polynomial Trend of Mean Annual Air Temperature in °C for Split (1926.-2000.)

In the period from 1926 to 2000 mean annual temperature for Split according the linear trend at the previous
picture shows a slight increase of +0.2°C. The polynomial trend shows visible negative oscillation around
the early forties, and other less prominent oscillation around the eighties, until the first positive oscillation
has been noted about the fifties and a larger increase in the last decade of the twentieth century. Absolute
amount of increase in polynomial trend from 1975 to 2000 was +1.07°C, and at the end of the twentieth

century it has been +1.11°C. (M. Hodzi¢, 2007.)

2.2. The linear and polynomial mean air temperature oscillation trend for periods
longer than a year

The next step of the research of mean air temperature trends tendency has been extended to five-year period.

Graphic presentation of the obtained results is presented in the Figure 2. The linear and polynomial trends of
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mean values for five-year air temperature for Split in Figure 2. are based on data for period 1945-2000. The

linear trend is poorly defined, with a negative coefficient of -0.2°C.
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Figure 2.:  Linear and Polynomial Trend of Mean Five-Years Air Temperature in °C for Split (1945.-2000.)

The polynomial trend has a wave shape from the beginning of the graph to five-year period 1976.-1981.
Then there was a minimum with a negative trend in the amount of -1.02°C, followed with a positive trend

until the end of the twentieth century, in the amount of +0.54 C. (M. Hodzi¢, 2007.)

Somewhat more complex interpretation of the results of our research imposes ten-year period air temperature

analysis based on the data from the end of the Second World War to the end of the last millennium.
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Figure 3.:  Linear and Polynomial Trend of Mean Ten-Years Air Temperature in °C for Split (1945.-2000.)

The linear trend of the mean ten-year values of air temperature for Split since 1945 until 1990 is negative
with a small amount of 0.16°C. The polynomial trend is wave formed with a negative direction from the

beginning to the decade 1972.-1981. After that it becomes a positive trend until the end of the twentieth
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century, with an increase of 0.62°C but in total the trend coefficient is -0.19°C. The longest clip time that is
taken as the unit of the analysis of trends means air temperature in this study has been the period of thirty

years. Figure 4. consists of the graphic presentation of the obtained results.
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Figure 4.:  Linear and Polynomial Trend of Mean Thirty-Years Air Temperature in °C for Split (1945.-2000.)

Linear thirty-years mean annual temperatures trend in Split (1945-2000) was negative and amounted to -
0.12°C. In the same period polynomial trend is negative in the beginning to the thirty-years 1962-1991
period. After that the polynomial trend starts rising sharply towards the end of the century with a positive
increase in the amount of +0.15°C. (M. Hodzi¢, 2007.)

Slight cooling of air temperature shown by the linear trend models for Split is in accordance with the latest
research results on the impact of increased concentration of CO2 in the atmosphere. Namely, computations
based on the modern theory of heat transfer in greenhouse effect (derived from the basic laws of physics and
verified by experimental data) show that increasing concentration of CO2 in air should result in cooling

rather than warming of the atmosphere. (V.Paar, 2010.)

It can be stressed that there is no difference in the final air temperature tendency trends conclusions whether
the annual mean air temperatures or mean air temperature for longer time periods have been taken into
consideration.

3. AIR TEMPERATURE STANDARD DEVIATION EVALUATION

The basic aim of this part of the research is to determine statistical significance of fluctuations in air

temperature over the past decade. The following tables are review of the monthly air temperature variations
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measured by standard deviations and variation coefficients. The full scale analysis has been done in order to

compare them with those from the other observed periods.

Table 1: Monthly Air Temperature Means and Standard Deviations in the Last Decade at Meteorological

Station Split-Marjan
1999, ] 2000 ] a001. 2002, ] 2003, ] 2004, ] 2005, ] 2006, ] 2007, ] 2008, ]
Mlonth Meat | g | Mean ot | Mean | om | Mean | gm0 Mean | agm | Mean | agm | Mean  am | Mean | am | Mean | am Mean | g
n°C Tl m'C T | n'C T omC | C mC | C m°C|C | mC C | mnC Tl mC TomC | °C
Jatary 529 317] 03] 319 7] am] 695 33| 89| 252 641 a2 72| 304]  63s] zs4] 053] 213] 934 247
February 657 30| 861| 13| 938 359 1085 1,98 495| 247| &32| 298| 536| %] 7,74 a64] 101] Ldz| 9,32| 310
March 14 245 1041 2600 13,72 2200 1300 60| 1091 255 1031 408 10,05 499 035 36| 1245 437 1042 240
April 1439 212| 1624 401| 1370| 272| 1501| 28| 1401| 393| 1472| L15| 1434] 29| 1529| Z22| 1738| Lpd] 1472] 1,94
Way 04| 46| 21,15 L73| 2063 =z61| 2002] 1,99 2269| 48| 1740| 00| 2046 343| 1946 01| 2001| 3,16 2061| 292
Jute 18| L5 516 LIT| A5 L01| 2523 83| B0 53| 19| 3ET| R0 420 2354 AT4| 34T LW 2453 394
Tuly 01| LET| 2548 3ET| 2669 03| 2644 L03| Z7EE| Le4| 26E%| 304 06| L3B| TS0 LIT| ITE6| l4) 01| 293
August 5| 442 TR 43| 0T 24| 244E| L7 2924| L9E| 45| 1,27 2392 L34 2413 290 2648| 2,59 2742 200
September | 2291| 1,71| 21,54] 197| 19,04| 2,30| 20,20] 289| 21,05| 1,46 2208| 01| Z00| 237| 22,30 1L99| 1960| Z88| 2059| 523
October 1771 500 1249 1% 1909 224 1714 155 1589 30| 1919 120 1672 L22] 1831 20 1831 3T LE11) LA0
November 1203 5356|1516 234 1138 320 1458 321 1429 230 1274 505 1193 424 1248 235 072 3,15 1333 402
December 919| 351 1098 340| 576 3,100 9,78| L48| 992] 309| 1086| 318| &38| Z71| 1053| Z52] 7T.98] 566| 993] 52z
Source: Authors construction
Table2: Monthly Variation Coefficients in the Last Decade at Meteorological Station Split-Marjan
Month 1599, 2000, 2001 2002, 2003, 2004 2005, 2006 2007 2008,
in ¥ in ¥ in ¥ in ¥ in ¥ in ¥ in ¥ in ¥ in ¥ in ¥

Januvary 38,24 22,73 30,94 47,63 29,34 29,09 42,67 41,46 20,23 25,89
February 4371 24 94 3845 18,62 4978 34,93 46,63 47,03 12,89 3332
March 2204 2493 16,03 20,56 23,36 39,97 49 68 38,77 15,03 2098
April 14,49 2470 15,83 14,55 2805 14,57 18,09 14,54 11,18 13,18

May 12,20 7893 12,65 9,95 10,75 1147 16,75 15,22 15,12 14,13

June 10,41 8,62 12,85 15,18 9,03 14,12 18,05 2441 11,75 16,06

Tuly 7,20 12,74 778 768 5,88 11,31 3,95 782 11,27 11,02
August 9,14 3,43 3,08 9,29 6,69 495 11,89 12,03 979 728
September 745 9,14 12,14 14,21 6,93 13,18 10,79 3,94 14,42 2541
Oetober 17,00 10,62 11,73 2.0z 2354 9,23 10,20 11,71 2372 3,27
Mowvember 29 64 15,44 28,15 2204 16,09 39,67 35,50 18,87 2936 30,17
December 38,26 31,81 43,80 2736 31,14 29,26 32,34 23,95 33,33 3243

Source: Authors construction

Variation coefficients from Table 2. are extremely high in the months with cooler mean air temperatures and

much lower in the summer months. This principle applies in all the decades of the observed period. It is

confirmed by the view of average month variation coefficients for the entire sixty years period shown in

Table 10. Tables 3. to 8. contain the review of data on air temperature means and standard deviations for

each month in each decade of the observed period.

Table 3. Standard Deviation and Mean Air Temperature for Each Month in period 1948.-1957. in °C

= January Febrary March April May June Tuly August September October November December
= Mean | oin | Mean | oin | Mean | oin |Mean | oin | Mean | ocin | Mean | oin | Mean | oin |Mean | oin | Mean | oin | Mean | oin | Mean | oin | Mean Cin

in*C °C in*C C in*C °C in*C C in*C *C in*C C in'C °C in*C °C in*C C in'C “C in'C “C in*C °C
= 8,12 33 777 396 1039 | 363 | 1432|303 | 1878 |320 | 2307 |3.06 | 2584 |2.86 | 2361 | 2.85 ) 2198 | 265 17.03 249 1217 3.31 9.70 249

Source: Authors construction
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Table 4. Standard Deviation and Mean Air Temperature for Each Month in period 1958.-1967. in “C

January February March April May June Tuly August September October November December
Mean | om | Mean | om

in“C °C in"C “C

Month

Mean | oin | Mean | om | Mean | om |Mean | oin | Mean | oin | Mean | om | Mean | om |Mean | oin | Mean | oin | Mean | om
in"C “C n"C in"C C | in"C °C in"C “C in"C C i °C in"C C n"C °C in"C C

r

281 | 2260 |340 | 2537 |241 ] 2542 | 268 2146 | 2,65 17.37

712 378 831 363 1038 |3.13| 1421 | 287 | 18,67

Source: Authors construction

Table 5. Standard Deviation and Mean Air Temperature for Each Month in period 1968.-1977. in °C
= January February March April May Tune Tuly Angust September October November December
= Mean | oin | Mean | oin | Mean | oin [ Mean | ¢in | Mean | oin | Mean | oin [ Mean | oin | Mean | oin [ Mean | oin | Mean | 6in | Mean | gin | Mean oin
in'C “C in*C °C in*C C | nC C in'C *C in*C °C in*C C in'C C in'C “C in'C “C in'C °C in*C °C
= ) 823 [273| ss0 |22 1038 |365) 13,74 (202 | 1008 | 283 | 2238 |2.73 [ 2515 |2.88 | 2441 [ 303 | 2079 | 307 1612 [3.17 | 1224 [341] 853 2.99
=

Source: Authors construction

Table 6. Standard Deviation and Mean Air Temperature for Each Month in period 1978.-1987. in °C

February March April May Tune TJuly August | September | October | November | December

Mean | oin | Mean | oin |Mean | oin | Mean | oin | Mean | oin | Mean | o | Mean oin
in °C °C in°C “C in "C °C in"C °C in°C “C in "C °C in "C “C

Month

Mean | oim | Mean | oin | Mean | oin | Mean | oin
in"C °C in"C “C n"C “C

698 343 739 331| 1016 | 3021357 |296 | 1831 |328 | 2253 |204 | 2534 | 246 | 2488 | 267 | 21,83 | 2,60 17.19 268 1220 2382 938 3

-

=
3

Source: Authors construction

Table 7. Standard Deviation and Mean Air Temperature for Each Month in period 1988.-1997. in °C

June July August | September October November December

Fa.nua.t)' Febmary March April May

omn |Mean | cin | Mean [ om [Mean | om | Mean [ o | Mean | om | Mean | o | Mean | om
B °C in*C C

m'C | 'C |mC|C|mnC]|"C in‘C °C in*C

Month

Mean | oin | Mean | om | Mean | o | Mean | om | Mean
n*C °C n*C | ntC CmC | 'C | n°C

261 869 |338)] 1115 |3.08] 1363|292 | 1889 |292| 2272 (295 26,17 (2,54 | 2504 12,74 20081 |2.61| 1691 |3.28 | 1198 |355] 8386 3.22

Source: Authors construction

Table 8. Standard Deviation and Mean Air Temperature for Each Month in period 1999.-2008. in “C

= January February March April May Tune Tuly August September October November December
= Mean | oin | Mean | om | Mean | oin [Mean | o | Mean | om | Mean | oin [ Mean | om |Mean | oin | Mean | oin | Mean | oin | Mean | om | Mean o
in “C “C n"C C in-C “C in-C “C in"C °C in"C “C in°C C inC “C in-C °C in°C “C in"C C in°C °C
21.14 | 298 17,75 2,73 12,86 3.67 9,33 3,33

20,42 |291 | 24,58 | 3.80 | 26,87 |2.,39 | 26.33 | 2,83

| 01 3.29 823 3,36 11.29 | 3,33
=

Celsiug

Source: Authors construction

Comparative analysis of the raw data indicates that from decade to decade there have been no significant

changes neither in mean nor in standard deviation of air temperature for each month.

4. COMPARATIVE GRAPHIC ANALYSIS OF AIR TEMPERATURE CHANGES
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Figure 5.:

Figure 6.:

January Mean and Standard Deviation of Air Temperature at Meteorological
Station Split-Marjan from 1948. to 2008.
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Figure 7.:

Figure 8.:
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Figure 9.:

Figure 10.:
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In Figures 5. to 10. air temperature means and standard deviations for each month from 1948.-2008.
observed at Meteorological Station Split-Marjan are presented. Graphic analysis of the monthly air
temperature oscillations around the mean as well as around the average standard deviation very clearly points
to the conclusion that the oscillations in the both cases are not statistically significant. To confirm the results
of graphical analysis in Table 9. air temperature means with corresponding standard deviations for each
month for the entire analysis period have been estimated. Table 10. consists of the variation coefficients

belonging values.

Table 9. Standard Deviation and Mean Air Temperature for Each Month in period 1948.-2008. in °C

= January February March April May June July August | September October November December
= Mean | om | Mean | oin | Mean | oin |Mean | oin | Mean | om | Mean | o | Mean | oin | Mean | omm | Mean | oin | Mean | om | Mean oin°C Mean GinC
n*C °C in*C C | n°C C |in*C | C | m°C C | n°C C | m°C C | in'C T | mnC C in*C C in*C in°C

328 | 825 348 1061 |335 | 1402 201 | 19,03 306 | 2300 |326 | 2582 | 271 | 2546 | 292 2136 [ 280 1706 | 289 | 1241 | 337 | 918 | 320

Table 10. Variation Coefficients in the Period of 1948.-2008. at Meteorological Station Split-Marjan

Januvary | February | March April Way June July August | September | October | November | December

in % in % in % in % in % in % in % in % in % in % in % in %

Ionth

41,68 42,18 31,57 20,61 16,08 14,17 10,50 11,47 13,11 16,94 2716 34,86

Celsius
degrees

5. CONCLUSION

Although this paper deals with preliminary results of wider on-going scientific research about climate
changes in Split Dalmatian County, they clearly indicate slight cooling of air temperature. This conclusion
can be confirmed by analyzing the linear and polynomial air temperature oscillation trends for mean annual,
mean five-years and ten-years air temperature. Variation coefficients are extremely high in the months with
cooler mean air temperature and much lower in the summer months. Graphic analysis of the monthly air
temperature oscillations around the mean as well as around the average standard deviation for each month
points to the conclusion that the oscillations in the both cases are not statistically significant. From decade to
decade there are no significant changes neither in mean nor in standard deviation of air temperatures for each

month.
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