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Abstract. The effect of homogenization of the seasonal andual temperature
series at 31 stations representative for the loddasf Bulgaria, is assessed. The data
cover the period 1900-2000. The homogeneity adjesteare developed by applying
the Standard Normal Homogeneity Test. To assessffaet of homogenization the
trends of the adjusted series are compared withrémels of the original ones and,
what is more important, the trends in any particgl@up of stations are compared
between themselves. The results show that themabomherence of the trends of the
adjusted series is much higher compared with theseaies, both in magnitude and in
sign. In some cases the homogeneity correctiors mige to considerable changes in
the patterns of the trends. This confirms the irtgrare of using homogenized data in
long-term climatic researches, otherwise there rissla of obtaining false trends at
some stations.
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Introduction

The investigation of long-term climatic time seriagned at revealing climate
variability and change should be based on goodtguaimogeneous data. A climate series
is homogeneous if its variations are caused onlyénations in weather and climate
(Alisov et al; Conrad and Polak, 1962). Practically, very féimate series, comprising not
very long periods of observations, are free of ‘eimnatic” changes, caused by such factors
as changes of time and location of measurementtheofnstrumentation, the averaging
method, the environment, etc.

Many tests (parametric and nonparametric) exist@mdbe used in homogeneity
analysis. In Syrakova and Stefanova (2008) the lwidged Standard Normal Homogeneity
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Test (SNHT) developed by Alexandersson (Alexanaerssl986; Alexandersson and
Moberg, 1997) is used to detect abrupt changesmpérature series on the territory of
Bulgaria. The homogeneity adjustments are appbefive sets of temperature series — the
four seasonal and the annual mean temperaturéstians, representative for the lowlands
of Bulgaria. The aim of the present work is to asshe effect of homogenization on these
temperature series. For that purpose, the trempeslof the series before and after the
homogenization are compared.

Data are described in the next section. The metbggloand the results are
presented in sections 3 and 4, respectively. Iretitethe conclusions are summed up.

Data

The original data are the monthly mean temperagges at 31 stations
distributed over the lowlands of Bulgaria as iste@wn in Fig. 1.

Fig. 1. Spatial distribution of the stations. For the eansee Table 1.

The data are provided by the National InstituteMmsteorology and Hydrology.
Stations with the longest series of temperatur@miasions, containing the least number of
missing data and representative for different padftsthe territory (different climatic
regions), are chosen. The list of the stations with abbreviations of the names, used in
Fig. 1, geographical position (latitude, longitu@dtjtude) and periods of observations is
given in Table 1 (the arrangement is accordindgnéolatitude, from north to south).

Temperature data, covering the entire period ofi 28ntury, are available in very
few stations in Bulgaria (7 in the list). In fadhservations at most of them started at the
end of 19th century, but in different years, tlsatvhy we put the beginning of these series
in 1900. A big part of the records began in 19268@,9but there are stations where
temperature observations were started even later1940s and 1950s. Unfortunately, at
some stations, observations were interrupted 9499
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Table 1. List of the stations. The abbreviations of thenea are used in Fig. 1.

Station La;c;;[ll)Jde Lorzgl)tude (nAql,tlgf_T) T;er:;)r;j
1. Russe (Ru) 43° 51" 25° 57" 37 1928-2000
2. Obr.chiflik (Oc) 43° 48' 26° 02' 157 1900-20Q0
3. Kubrat (Ku) 43° 48' 26° 30' 230 1949-1991
4. Tervel (Tv) 43° 45 27° 25' 215 1952-1995
5. Razgrad (Rz) 43° 31 26° 31’ 206 1916-2000
6. Knezha (Ke) 43° 30’ 24° 05' 117 1920-2000
7. Pleven (PD 43° 24 24° 36' 156 1900-20D0
8. Gabare (Ga) 43° 18 23° 55' 120 1944-1990
9. Shumen (Sh) 43° 16' 26° 56' 218 1900-2700
10. Targovishte (Tg) 43° 15' 26° 34' 226 1952-2000
11. Omurtag (Om) 43° 06' 26° 25' 530 1953-2000
12. Aitos (AI) 42° 42 27° 16' 90 1925-1995
13. Karnobat (Kb) 42° 39' 26° 59' 196 1930-2000
14. Pernik (PK) 42° 36' 23°02' 694 1947-2000
15. Radomir (Ra) 42° 33 22° 58' 691 1929-1900
16. Yambol (Ya) 42° 29' 26° 31' 143 1930-2000
17. lhtiman (Ih) 42° 26' 23° 49' 636 1921-2000
18. St. Zagora (S2) 42° 25' 25° 38' 229 1943-2000
19. Brezovo (Bz) 42° 21" 25° 05' 257 1952-19P5
20. Kjustendil (Kn) 42° 16' 22° 43 527 1900-2000
21. Dupnitsa (Dp) 42° 16 23° 07’ 555 1908-20P0
22. Chirpan (Ch) 42° 12 25° 20' 173 1928-20P0
23. Elhovo (EI) 42° 11 26° 34' 138 1951-2000
24. Plovdiv (Pd) 42° 09' 24° 45' 160 1901-2000
25. Sadovo (Sa) 42° 09' 24° 57' 155 1900-2000
26. Topolovgrad (Tp) 42° 05' 26° 17" 305 1958-2000
27. Haskovo (Ha) 41° 57 25° 34’ 230 1900-2000
28. Kardzhali (Kz) 41° 39' 25° 22' 331 1930-2000
29. Sandanski (Sn) 41° 34 23° 17’ 203 1931-2000
30. Krumovgrad  (Kr) 41° 30' 25° 30' 231 1953-2000
31. Zlatograd ()] 41° 22! 25° 06' 430 1933-20D0
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The time evolution of the number of stations isvehan Fig. 2.
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Fig. 2. Time evolution of the number of stations

A preliminary treatment of the data to be prepdardthe homogeneity analysis
consists in two procedures: removing the outliend &lling in the gaps. Outliers are
observations very distant from the mean value ¢hatcause biases in the sample statistics
(mean values, standard deviations, etc.) (TrentmrthPaolino, 1980; Gonzalez-Roueb
al.,, 2001). In Syrakova and Stefanova (2008) it isuased that outliers are the values
outside the interva(f * 30) wheret is the mean value and is the standard deviation of

the series. The outliers are substitutes by tresttold values.

The gaps are filled in following the procedure dimd in Boehm (1992). It is
based on the stability of the differences betwdenseries at neighboring highly correlated
stations. The missing data are rather few and spedsed in separate months and years;
only one station (Haskovo, Ha) has a period cormgyisnore than two consecutive years
with interrupted observations.

After the monthly series are completed, seasordibamual temperature series are
calculated. The four standard climatological seasoe used: winter — December, January,
February (DJF); spring — March, April, May (MAM)usimer — June, July, August (JJA);
autumn — September, October, November (SON). Meana temperature corresponds to
the period January-December (J-D). The series ledéxliin this way are called “original”
or “raw” data further on.

The SNHT, as other relative homogeneity testsaseld on the coherence of the
variations of the climatological series at statipfeced in similar climate conditions. That
is why, to apply the test, the stations are contbint several groups, which cover regions
with similar conditions. The approximate divisiohtbe territory is: north-western, north-
eastern, western, central, eastern and south-eaptats of the country. Each group
contains 5 to 8 best correlated stations. Someéostatare included in more than one
neighboring group to assure the quantity of refegestations.
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M ethods

The SNHT (Alexandersson, 1986; Alexandersson andevtpy 1997) is performed
on the standardized series of differences betwbentésted series and an appropriate
reference series

z =(d, -d)/o,, i=1...n 1)

whered is the mean value and, is the standard deviation of the difference seties
is the time step (i.e. yearl is the length of the period (humber of years).
The test statistic is the maximunh,(,, ) of the values

T, =mz?+(n-m)zZ, m=1..n-1 (2)

where z, and Z, are the mean values & during them first and (n - m) last years,

respectively.

The reference series are computed on the basideofrdlationship between
temperatures at the tested and the referencerstagapressed by the respective correlation
coefficient. The mean temperatures at differertiasta are also taken into account. So, the
series of differences to be standardized to obraiseries is

d, =t {Zk:(tij -t +f0}j2/irf}, i=1..,n (3)

where t denotes temperaturé is the number of reference stations, each onédemt
denoted by | , I, is the correlation coefficient between the testedes and the reference

series j , t, and H are the sample mean values at the tested statibrihe@ reference
seriesj .

If the test statisticl,, is above certain critical value, the null hypothebat the

test series is homogeneous is rejected. A sedesfified as inhomogeneous, is corrected
by an adjustment factor

AF =d, -d,, (4)

added to the data before the break point, wlﬁalreand 62 are the mean values df,

before and after the break, respectively.

As it is usually difficult to determine in advanesich stations are homogeneous,
the iterative scheme for gradual improvement ofttbenogeneity of the data is used (see
Hanssen-Bauer and Fgrland, 1994; Moberg and Alexaadn, 1997; Gonzalez-Roueb
al., 2001; Tuomenvirta, 2001. Multiple breaks areatiee piece-wise (Alexandersson and
Moberg, 1997; Gonzéalez-Rouetal, 2001).

To overcome the problem with different length of series, the test is applied in
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several steps dividing the entire period into salvparts according to the changes of the
network density (see Fig. 2). First, the test is ower the last 50 years (1950-2000), when
data are available at all stations used here. Aftercorrections are made, a new period
(1930-1949) is added for the stations with avadatidta and new corrections are made, if
necessary, in years before 1950. In this way tls¢ i gradually performed till the
beginning of the longest series.

It is clear that the diminishing number of statidresn the end to the beginning of
the century necessitates the completion of theggauith available more distant and less
correlated stations. So, for the longest periothaising the whole century, the number of
groups (for the initial groups see Part 2: Datsyeiduced to two — northern and southern.
At that, stations from North Bulgaria are not conga with stations from South Bulgaria,
in spite of rather high correlation coefficientsvween some of them, because this leads to
confusing and inconsistency results.

As it is said in the Introduction, in order to ass¢he impact of adjustments on the
temperature series, the trends of the homogenadidgted) series are compared with the
trends of the original ones and, which is more intg@t, the trends in any particular group
are compared between themselves. The stations canbimed in the same way as in
performing the test. The comparisons should be naadle between series spanning over
almost one and the same period. That is why theynzade for the same time intervals,
over which the homogeneity analysis is performed.

The trends are obtained by means of simple lineguession given by the equation

y=a+bx 5)

In our case,X is time, y is temperature. The constargs and b are determined by the

least square method. We expect that the slopdseofeigression lines (trend slopds)of
the adjusted series will be in better accordantk aach other compared with the slopes of
the original series.

The trend slope is statistically significant if thell hypothesis thab = 0, i.e. that
temperature is constant, can be rejected at cesiginificance level. To check the null
hypothesis, one can compare (see Afifi and AzerB21%he residual mean square,
representing the deviations of the data poingg) from the regression line (i.e. from the

fitted valuesy,)

2

MS: == (v - 9) ©)

Vg =

and the regression sum of squares, representirdethiation of the regression line from the
line y=const=y

MSp == 3 (5 -9) | (7)
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whereV, andV, are the respective degrees of freedoyg:=n-2, v, =1, n - length

of the series. The ratio
MS
F = V (8)

has Fisher distribution withy, and vV, degrees of freedom, i.d= (Ln—2). If, at certain

significance levelr, F is greater than the critical valée (L n-2a), the null
hypothesis is rejected.

Results

Fig. 3 shows the trends in the raw (left plot) &ednogenized (right plot) seasonal
and annual series over the period 1951-1995, whegrgations are available in almost all
stations during the entire period. For the graghiepresentation, the magnitudes of the
trend slopes are arranged in groups defined blirtiies shown in the legend in Fig. 3. The
visual inspection shows that the regional coheraridhe trends for the adjusted series is
higher compared with the raw ones, both in mageitadd in sign.

In winter, the adjusted trends show positive valimethe northern region and are
negative in the southern region. The opposite sifythe trend slopes in northern and
southern regions can explain the confusing resoftshe homogeneity analysis when
stations from north-eastern and south-eastern megiwe combined in one group on the
basis of the high correlation coefficient betweden. In spring, positive trends are
obtained everywhere after the homogenization. mrear, trends become negative almost
everywhere, except for a few stations in the westegion; the trend slopes in many
stations are rather small. In autumn, in contraghé spring, the trends are negative over
the whole area. The annual trends are a resultubfiahcompensation of the positive and
negative seasonal trends. After the homogenizatiegative values are obtained at all
stations in the southern part of the territorytia northern part, the trend slope is not well
defined, as one can see in Fig. 3 (the last plogmall positive values prevail, which
implies a dominance of the positive winter and rgptrends, but in some stations they can
not compensate the negative summer and autumrstrend

Convergence of the trend slopes as a result of gemeity adjustments can be
seen in Fig. 4 as well, in which the trend slopmstiie period 1930-2000 are represented.
The number of stations is reduced to 19, the lindfsthe groups in which the
trendmagnitudes are arranged are the same as.if.Fig
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Slope (°C/decade)
(O 04510-03¢) -0.35t0-0.08 .28t0-0160 -0.1510-0.06 -0.05 &1
@ 0350 04 02610 0.@ 1600 025:® 006t 0.15  0.00005

Fig. 3. Trends in the seasonal and annual temperatuss sefer the period 1951-1995. Left —
uncorrected, right-homogenized series.
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Fig.4. Trends in the seasonal and annual temperatues serer the period 1930-1995. Left —

uncorrected, right-homogenized series.
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The comparison of Fig. 4 with Fig. 3 shows thedwling features of the adjusted
trends. In winter, the trends over the longer k(®930-2000) are positive everywhere,
which is not the case over the shorter period (1B®5). They are greater in North
Bulgaria, where they are increased compared tqéhned 1951-1995. The spring trends
are also positive everywhere, but are smaller coaetpbhoth to the winter ones over the
longer period and to the spring trends over thetehgeriod. The negative summer trends
in many stations are also smaller in magnitude @agbto the shorter period. The western
stations, at which small positive trends are ole@imver the period 1930-2000, show
higher spatial coherence compared to the shortéocheA station, where an agreement
with the surrounding ones is not reached, is Yanmp@), in the eastern part of the
territory, where the positive trend slope is desegbafter the adjustment, but not enough to
become negative. The situation with the autumndses similar to the shorter period —
they are negative everywhere, but with decreaseghinales at many stations. As it is the
case for the winter season, higher magnitudestaened at the northern stations. Over the
period 1930-2000, the annual trends show smalltipesvalues at all available northern
stations used here (which is not the case for dreog 1951-1995); in the southern area,
trends are negative, smaller in magnitude at méatioas compared to the shorter period.

The trends obtained for longer periods (1920-20000-2000) also show a higher
spatial coherence of the adjusted series comparéaetraw ones, in spite of the reduced
number of stations. Compared to the period 193@20% magnitudes of the trend slopes
(homogenized series) are almost the same for thedp®920-2000, and are decreased for
the period 1900-2000 (except for the annual trendilorth Bulgaria). The sign of the
winter trends is positive everywhere, in contrastte shortest period (1951-1995). The
spring trends are very small and varying in signrfrone period to another — positive over
the entire century, which coincides with the pesioti951-1995 and 1930-2000, but
negative over the period 1920-2000. The summeds$amne also very small, negative over
the period 1920-2000, which coincides with the pikivg sign for the shorter periods, but
become negative obtained over the entire centurg.dutumn trends show a decrease with
the increase of the period’s length, remaining tiegaver the whole territory. The annual
trends are also very small, but the separationhef gositive (in North Bulgaria) and
negative values (to the south) is well manifesteth whe positive values at the northern
stations being greater over the longest period 23@® compared to all shorter periods.

In Table 2, the number of statistically significargnd slopes, at significance level
a =01, is given. As one can see, the spring and summeds of the homogenized series
are not significant for any one of the chosen ki@ he winter trends reach significance at
about 30% and about 70% of the stations over th@ge 1930-2000 and 1920-2000,
respectively, but are not significant for the shettand the longest periods. All of the
autumn trends are significant over the periods 182I0 and 1930-2000, about 40% are
significant over the period 1951-1995, but no osesignificant for the longest period.
Statistically significant annual trends are obtdieer the longer periods (1920-2000 and
1900-2000), but while for the period 1920-2000 Bigance is reached at the southern
stations, for the period 1900-2000 it is reacheek dlve northern stations.
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Table2. Number of statistically significant trend slopasi=10% significance level in the raw (R)
and homogenized (H) series for different time pasidn brackets, the percentage relative to the
number of stations (k) in the respective periogiven.

Period; DJF MAM JJA SON J-D

number of stations (k)| R H R H R H R H R H
1951-1995 3 0 |7 0 |5 0 |16 13 |9 0
k=31 10% 0% |22% 0% (16% 0% |52% 42% |29% 0%
1930-2000 8 6 | 2 0 |6 0 |14 19 | 8 0
k=19 42% 31% (10% 0% |31% 0% [74% 100% |42% 0%
1920-2000 6 8 | 3 0| 4 0 |10 11 | 5 4
k=11 54% 73% [27% 0% |36% 0% |91% 100% [45% 36%
1900-2000 2 0 |1 0 |1 0 |1 0|2 3
k=7 23% 0% |14% 0% [14% 0% |14% 0% |28% 42%

One can get a better idea of the significance efttends taking into account the
confidence level§l—a). The number of cases with given confidence leylelss than or

equal to 0.5, about 0.6, 0.7, 0.8, and equal aatgreahan 0.9) is represented in Table 3. The
following peculiarities can be outlined (the estiesafor the homogenized series are given).
Period 1951-1995: In winter, as it is mentionedab(see Table 2), no one trend
is statistically significant atr = 0.1, i.e. no one trend reaches confidence level Gegy v
few trends reach confidence levels 0.7-0.8, andemibian half of the trends have
confidence levels less than 0.5, i.e. in thesescébe a < 0.5) the trend slopes can not be

distinguished from zero. Stations, at which trecas be revealed with confidence 0.8, are
the southernmost ones. Most of the summer (mone 8&#6) and practically all annual
trends have confidence levels less than 0.5, wimgdlies lack of trend. The situation is
almost the opposite in spring and especially iuiaut. The spring trends have confidence
levels 0.7-0.8 at about 80% of the stations (no bemg confident at 0.9 level). The
autumn trends have confidence levels higher th8raDabout 80% of the stations, being
higher than 0.9 at about 50% of them.

Periods 1930-2000 and 1920-2000: As one can séalite 3, the confidence
levels of the winter trends increase with the iasgeof the period’s length. In 1930-2000,
the confidence levels at all stations are highantd.6, being higher than 0.9 at about 1/3 of
them; in 1920-2000, they are higher than 0.8 astalions. In spring, however, in contrast
to the period 1951-1995, the confidence levels yngpactically lack of trend at all stations.
The situation in summer, period 1930-2000, is atntbs same (the confidence levels at
most stations are less than 0.5), while for theoget920-2000 the picture is not clear —
some trends are confident at 0.7-0.8 level, otloenat reach confidence levels higher than
0.5, but there is not well manifested spatial distion of the confidence level’s
magnitude. The autumn trends are confiderit-atr = 0.9 at all stations for both periods.
The situation with the annual trends over the kdi®30-2000 is similar to the situation
with the spring and summer trends — no one stataches confidence level higher than
0.5. Over the period 1920-2000, however, the cemniig levels imply lack of trend at the
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stations in North Bulgaria, and trend confidenflata = 08— 0.9 at the stations situated
in more southern latitudes.

Table 3. Number of cases with given confidence levels)df the trend slopes for different time
periods. In brackets, the percentage relativeemtimber of stations (k) in the respective perod i
given. Only homogenized series are considered.

Conf. level
(1-a) DJF MAM JJA SON J-D
1951-1995 (k=31)
<0.5 16 (51.6%) 3 (9.7%) 27 (87.1% 1(3.2%) 30 (96.8%)
0.6 10 (32.3%) 3 (9.7%) 1 (3.2%) ©ea) —
0.7 1(3.2%) 9 (29.0%) 3 (9.7%) 9370h) —

0.8 4 (12.9) 16 (51.6%) — 11 (35.5%) —
=>0.9 — — — 15 (48.4%) 1 (3.2%)
1930-2000 (k=19)
<0.5 — 17 (89.5%) 16 (84.2%) — 19 (100%)

0.6 7 (36.8%) — 2 (10.5%) — —

0.7 2 (10.5%) 2 (10.5%) 1 (5.3%) — —

0.8 3 (15.8%) — — — —

=>0.9 7 (3.8%) — — 19 (100%) —
1920-2000 (k=11)

<0.5 — 11 (100%) 4 (3.3%) — 5 (45.5%)

0.6 — — 1(9.1%) — —

0.7 — — 3 (27.3%) — —

0.8 3 (27.3%) — 3 (27.3%) — 2 (18.2%)

>0.9 8 (72.7%) — — 11 (100%) 4 (36.3%)
1900-1000 (k=7)

<05 — 1 (14.3%) 4 (57.1%) 7 (100%) 3 (42.9%)

0.6 1(14.3%) 3 (42.9%) 2 (28.6%9 — —

0.7 — 1 (14.3%) 1 (14.3%) — 1 (14.3%)

0.8 6 (85.7%) 2 (28.6%) — — —

=>0.9 — — — — 3 (42.9%)

Period 1900-2000: The winter trends are confidenl-aa = 08 (except one,
which is confident afl—a = 0.6), but not atl—a = 0.9. The spring trends are confident
at 0.7-0.8 level at the northern stations but tbafidence levels decrease to the south
reaching values about 0.6 and even less than B&.situation in summer is similar —
trends can be revealed with some confidence atdhibern stations (the confidence levels
being smaller compared to the spring season — @bh6t0.7) while the stations to the south
do not show any trend. In autumn, in contrast o shorter periods, the confidence levels
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show lack of trend at all stations The spatial ribstion of the (1—0') -values for the
annual trends is the opposite compared to the ¢he®20-2000. As it is mentioned above,
significant trends 1—a = 0.9) are reached at the northern stations, while thtiogs to
the south show practically lack of trend.
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14 < Ha 14+ Ha
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13 54 13- B
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11 11+ Zl
10 17 1T T A0 B L B B L B
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Fig. 5. Trend slopes of the autumn (SON) temperatureseperiod 1930-2000, for the stations in
Central and Southern regions. Left — uncorrectigtitthomogenized series.
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Fig. 6. Trend slopes of the spring (MAM) temperaturéesemeriod 1930-2000, for the stations in
Central and Southern regions. Left — uncorrectigtifthomogenized series.

Figures 5 and 6 illustrate the effect of the honm&ity corrections on the spatial
coherence of the trend slopes in a given grougatiosis. The chosen examples show the
trends of the autumn and spring series in the geti®30-2000 at the group of stations
situated in the central and central-southern reggitm Fig. 5, the autumn trends are given.
All of them are statistically significant ar = 0.1 after homogenization, the trends of the
raw data at Plovdiv (Pd) and Sadovo (Sa) are goifgiant 1—a = 05). As one can see,
the trend slopes of the raw series are of the sagme(negative) at all stations, so that the
spatial coherence of the adjusted trends resulysfiam changes of the slope magnitudes.

Fig. 6 shows the spring trends. In spite of théed#nt signs of the trend slopes of
the raw series, the confidence levels are less @fonly at Chirpan (Ch) and Haskovo
(Ha), at the other stations they are about 0.8 lmththe positive and negative slopes.
Homogenization in this case results not only innggaof magnitudes but also of the sign of
the trend slope at some stations. Though the cemdiel levels for the adjustrd series are
less than 0.5 at most stations (only at Plovdiv) @ Sadovo (Sa), where the trend lines
coincide, they are about 0.7) a highly coherentiaplaehavior arises after homogenization,
as one can see in Fig. 6.
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Another illustration of the effect of the homogeatinn is Fig. 7, which shows the
summer temperature series from Razgrad (Rz) withttend lines superimposed. The
dashed lines correspond to the original data, alid knes correspond to the corrected data.
The linear fit to the raw data shows a significaaot< 005) slope of -0.17°C decade
(which means a decrease of about 1.4°C from thénbimg of observations (1916) to
2000), that is reduced to a value of -0.04°C detdde about -0.3°C for the period 1916-
2000) for the adjusted data, nonsignificantia+ 0.1 (the confidence level—a = 0.6).
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Fig. 7. The raw (dashed line) and homogenized (solid liemperature series for Razgrad (Rz),
summer (JJA), with the trend lines superimposed.

It should be mentioned, that one and the same slayehave different confidence
levels (L— a) for different series. For the adjusted springesein Fig. 6, for example, the
confidence level of the slope of 0.05°C dechdeZlatograd (ZI) is less than 0.5, while the
same slope at Sadovo (Sa) is confidenfLata = 0.7. This difference is a result of the
dependence of the confidence level (or the critigalie of the F -statistic (8) at certain
significance levela) not only on the deviation of the regression linem the line
y =cons (i.e. on the magnitude of the slope) but alsotendeviation of the data points

from the regression line, which is different foffelient series. This means that a relatively
small slope may prove to be significant if the agilis relatively stable, while a greater one
may prove to be insignificant if the variability ofie data is large. The most variable
seasonal temperature series are the winter oneaube of the greatest intensity of the
atmospheric circulation in this season), the miadile ones are the annual series.

Summary and conclusion

Five sets of temperature series (the four seasamal the annual mean
temperature) at 31 stations, representative forldindands of Bulgaria, are checked for
inhomogeneities and homogenized, if necessary, yampl the Standard Normal
Homogeneity Test. Here, the effect of homogenimatid these temperature series is
assessed. For that purpose, the trend slopes adjlnsted series are compared with the
trends of the original ones and, what is more irtgydr the trends in any particular group of
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stations are compared between themselves. Therstatire combined in groups which
cover regions with similar climate conditions.

In accordance with the changes of the network ter{fig. 2), the effect of
homogeneity adjustments is assessed over sevaralgeriods (1951-1995, 1930-2000,
1920-2000, 1900-2000), as it is done in performing test. A brief description of the
trends over these periods together with the sicaniite/confidence levels of the trend
slopes is provided.

The main result of the study is that the adjustries show much higher spatial
coherence compared to the original ones.

At many stations, there is considerable influentE&a@mogeneity corrections on
the trends. For some series, not only the magnitudealso the sign of the trend slope is
changed. This gives rise to changes of the stissignificance (confidence levels) of the
trends. Here, as a rule the number of statisticalfynificant (at @ = 0.1) trends is
decreased after homogenization, being reducedrtm foe the spring and autumn series.
Only a few changes in the opposite direction occur.

The results obtained here confirm the importanceising homogenized data in
long-term climate researches. If nonhomogenized da¢ used, false (both in magnitude
and in sign) temperature trends may be obtainehadre statistically significant in some
cases.

Another important result is that combining statioims a group to perform
homogeneity analysis one should be very carefule Bpproach based only on the
magnitude of the correlation coefficient may prote be rather perfunctory. A high
correlation coefficient is not a guarantee thattteed slopes of the series are of the same
sign. Combining series with opposite time evolutiothe process of homogeneity analysis
may lead to confusing and inconsistency results. &@mple, this is the case for the
shortest period (1951-2000), especially for thetarirand annual series, if stations from
South-East Bulgaria are included in the north-easgigoup only on the basis of the high
correlation coefficients. The results concerning ttends confirm that it is correct to put
the stations from North and South Bulgaria intdedént groups, as it was done in the
process of homogeneity analysis.

In the end, we would like to remind the well-knofact that homogenization does
not increase the accuracy of the data — it can bwothigher than the accuracy of
observations. The aim of the adjustments is todifteérent parts of a series in accordance
with each other as if the measurements had not taéen under different conditions.
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Ounenka Ha epekTa OT XOMOTeHU3ANUATA HA TEMIIEPATYPHU PeJULIM HA TePUTOPUATA
Ha bvarapus

M. Cupaxosa, B. Matees

Pe3rome. B paborara e HampaBeHa OLEHKa Ha PE3yJNTATUTE OT XOMOICHHU3ALMAITAa Ha
pEOHLIUTE OT CPEIHUTE CE30HHU U TOJAMIIHE Temieparypu B 31 craHuuM, NpeacTaBUTEIHU
3a W3BBHIUIAHWHCKAaTa 4acT Ha bearapus. Jlamaure oOxBamar mepuoga 1900-2000r.
XoMOreHH3alMATa € HANIPaBeHa Ype3 MPHJIAraHeTo Ha T. Hap. “CTaHJapTEeH HOpPMaJeH TeCT
3a emHopomHOCT”. 3a Ja ce OIeHW e(EeKThT OT XOMOTCHH3aluATa, TPEHAOBETE Ha
KOPUTHPAHUTE PEIUIIM Ca CPABHEHH C TPEHIOBETE Ha OPUTHHAIHUTE U, KOETO € M0-Ba)KHO,
TPEHIOBETe BBHB BCSAKa Tpyla OT CTaHIMH Ca CPaBHEHH IOMEXIy CH. B pesynrar Ha
XOMOTEHH3aLMITa C€ IMOCTHIa MHOTO I10-J00pO MPOCTPAHCTBEHO CBIJIACYBAaHE MENKILY
TPEH/IOBETE HA XOMOI'CHU3UPAHUTE PEIHULIN B CPABHEHHE C OPUTHHAIIHUTE. B HAKOM Cityyau
CJIe/l XOMOT'CHHU3AIMATa TPEHAOBETE Ce MPOMEHSIT 3HAYUTEIHO KAKTO 110 TOJIEMHHA, TaKa U
1o 3HaK. ToBa MOTBBpPXk/IaBa BAKHOCTTA OT M3IOJI3BAHETO Ha XOMOI'€HH3HPAHU JAaHHH MPH
JBJITONEPUOANYHUTE KIMMATHYHH HM3CJICBAHUS, B NPOTHUBEH Ciydail MMa OIACHOCT OT
MOJTy4aBaHETO Ha (aIINBU TPEHIOBE B HIKOM CTAHIHH.
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