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Abstract. Two borehole climate observatories were es-1 Introduction

tablished in Slovenia and Portugal within a joint Czech-

Slovenian-Portuguese project in the years 2003-2005. ToReconstructing ground surface temperature (GST) histories
gether with the older Czech observatory, which has beerfrom present-day measurements of temperature-depth pro-
operating since the year 1994, they monitor air, soil andfiles in boreholes has been established as one of the inde-
bedrock temperatures with the aim of studying air-groundpendent and physically justified ways to obtain information
coupling and the downward propagation of the surface tem-about the past climate on the scale of hundreds to thousands
perature changes. We report here on repeated temperatueé years (Shen and Beck, 1991; Huang et al., 2000; Harris
logs carried out within 6 boreholes at the sites of the obserand Chapman, 2001; Pollack and Smerdon, 2004; Majorow-
vatories and their surroundings within a time span of 8-20icz et al., 2004). Climatic interpretation of GST histories
years (1985-2005). The repeated logs revealed subsurfade terms of surface air temperature (SAT) histories is based
warming in all the boreholes amounting to 0.2-°@C6be-  on the assumption that GST variations track SAT variations
low 20 m depth. The compatibility of the observed temporal on decadal to centennial and longer time scales. To test the
changes of subsurface temperature with surface air tempesalidity of this assumption, empirical studies at site-specific
ature (SAT) series measured in Prague (since 1771), Ljubliocations are necessary. Such efforts monitor air, ground
jana (since 1851) and Lisbon (since 1856) was checked bywnd possibly bedrock temperature time series combined with
comparing repeated temperature logs with synthetic profile®other meteorological variables observed either at the location
that were calculated using SAT series as forcing functionsor at a near-by meteorological station over multiyear time in-
The depth of the Czech borehole (140 m) and the Portugueseervals (Bartlett et al., 2006, Smerdon et al., 2004, 2006).
borehole (180 m) was sufficient for a reconstruction of the Such observatories are sometimes referred to as geothermal
ground surface temperature (GST) history of the last 150-climate change observatories (Putnam and Chapman, 1996)
200 years. Reconstructed GSTs were compared with the SA®r borehole climate observatories (this paper).

series measured in Prague and Lisbon, respectively. The re- |n the Czech Republic, a borehole climate observatory has
constructed histories reproduce reasonably well the amplibeen monitoring air, soil and bedrock temperatures to a depth
tude of the recent warming inferred from the meteorologicalof 38 m since the year 1994 (Smerdon et al., 2004, 2006).
data, 1-1.5C above the long-term mean. The depth (100 m) Similar observatories have been established within a joint
of the four repeatedly logged Slovenian boreholes was toaCzech-Slovenian-Portuguese project in Slovenia (in the year
shallow for inversion, but a climatic reconstruction was car- 2003) and Portugal (2005). Similar to the Czech station, the
ried out for a deeper borehole, logged in 2006 and locatedwo observatories also monitor the bedrock temperature to a
within 5km from the Slovenian observatory. The obtained depth of 40 m in their respective boreholes, which are 180 m
GST history was compared with SAT series from Ljubljana. (Portugal) and 100 m (Slovenia) deep and have been repeat-
edly logged.

This paper focuses on the ground — air temperature track-
ing by comparing differences observed in repeated tem-
perature logs of the three above mentioned boreholes plus
Correspondence tal. Safanda 3 other Slovenian boreholes, and by simulating changes
(jsa@ig.cas.cz) in the temperature profiles using SAT series from nearby
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9 10 11 12 13 layer inclination varied betweer?990 as a result of folding.
N Thermal conductivity, both along the bedding and perpen-
dicular to it was measured on 124 core sampkeafgdnda,
1994). The mean conductivity values, 3.2 WhK 1 along
the bedding and 2.2Wm K~1 perpendicular to it, indi-
cate a strong anisotropy factor of 1.45. No reliable dif-
fusivity measurements were carried out, but for a typical
density of 2.6-2.%¥10°kgm~2 and specific heat of 0.8-
1997 0.9kJkg1K~1 (Cermbk and Rybach, 1982), its value can
2001 N\ be estimated at 1.3-1x8.0-5m? s~1 along the bedding and
2005 \\ 0.9-1.0<10°9m?s~! perpendicular to it. Effective verti-
5058 arofio the . g cal values of conductivity and diffusivity corresponding to
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3 range 100 - 140 m N F the mean bedding inclination of 50rom a horizontal are
150 | e 150 28WmlK1land 1.1-1.310 °m?s1, respectively.
9 10 Qi 12 13 The Slovenian observatory is at Malence near Kostanje-
temperature, °C vica in the K&ko basin (Fig. 2), which is filled with Ter-

tiary and Quaternary sediments of the Pannonian basin. The
A(réko basin is part of the Internal Dinarides. The observa-
tory was established in November 2003 in borehole V-8/86
Malence (4852.17 N, 15°24.5 E, 152 m a.s.l.) and is located
on the alluvial plain of the Krka river in a rural area on a

meteorological stations. This method is not a substitute forfim of the meadow. It was drilled in October 1986 with a
direct temperature monitoring at borehole climate observadiameter of 90-120mm through 16m of Quaternary clay,
tories, but can provide data on the ground-air coupling ands@nd and gravel, and down to the bottom at 100 m through
downward propagation of the surface temperature changeiiocene marl which is probably more silty or sandy in its
over larger areas and greater depth and time intervals. Addi!PPer part. The borehole was cased with plastic tube 4cm
tionally, one of the important features of repeated log differ- N diameter. Thermal conductivity was measured on sam-
ences is the elimination of steady-state sources of curvatur@les taken in two different depths, 1.7 WK+ in 0.7m

based on typical density and specific heat values yields a

range of 0.6-0.810°m?s~1. The diffusivity can be even

Fig. 1. Repeated temperature logs of borehold:GFPrague at the
site of the Czech borehole climate observatory in Prague done i
the period 1993-2005.

2 Data lower due to a high specific heat of the pore water, e.g. for
30% porosity it could be as low as k40 ®m?s~1. The
2.1 Borehole climate observatories borehole was logged in 1987, one year after the drilling,

and then in 2003 when a string of platinum sensors for per-
The Czech observatory is located in a park within the manent temperature monitoring was installed from 1-40 m
campus of the Geophysical Institute in Prague° (203 N, depth (Fig. 3a).
14°28.7 E, 275 ma.s.l.) on a flat elevation in an undulated The Portuguese observatory is located at Caravelinha
landscape with elevation variations of tens of metres. It con-about 5 km northwest of the town of Evora, in southern Por-
sists of two boreholes, less than 2 m apart, drilled in Octobetugal. A string of platinum sensors has been monitoring tem-
1992 to 40 m and 150 m specifically for long-term borehole perature in the uppermost 40 m of the 200 m deep borehole
climate studies@ermak et al., 2000). The deeper well, re- TGQC-1 Caravelinha (3836.0 N,7° 54.6 W, 330m a.s.l.)
ferred to as GFU-1 Prague, has a diameter of 152 mm andince May 2005. The borehole was drilled for water supply,
was equipped by a 50 mm casing to minimize water con-but it turned out to be non-productive, with negligible inflow
vection and to facilitate repeated temperature loggtgl€, during pumping tests. It was cased with a plastic tube of
1995) that has been done in 1 to 4 year intervals since 1993.3 cm diameter, which was grouted at the bottom and filled
Figure 1 shows the logs done in an equidistant time inter-with water. The borehole is located in an old cork tree for-
val of 4 years in the period 1993-2005. The shallower wellest, the typical vegetation of the region. The vegetation has
was equipped with a series of thermistors from 1 m depthnot changed in the last hundred years and probably more.
down to 38.3m and is used for monitoring the tempera-The topography is subdued, with elevation variations of tens
ture continuously. The area represents the tectonically mosdf metres in the nearest few kilometres. The outcropping
stable part of the Bohemian Massif, which belongs to therock type is Hercynian porphyric granite. Its thermophysical
Variscan Branch of the Hercynian system. The deeper wellproperties were measured on 4 samples collected in a quarry
completely cored, penetrated consolidated sediments of Orabout 1.5km east of the borehole and located in the same
dovician age, mostly micaceous, silty to clayey shales. Thegranite body. The mean conductivity and diffusivity values
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Fig. 2. Location map of the Slovenian boreholes and the Ljubljana meteorological station.

are 2.8WnrtK~1and 1.3<10°m?s1, respectively. The is located in a flat area within the Ljubljana basin, which
first temperature log was carried out in 1997, several monthss filled with sediments of the Pannonian basin within the
after drilling and 2 months after casing installation. The logs Southern Alps. It is about 90 km NW from Malence observa-

were repeated from 2000 to 2005 (Fig. 4). tory. It was drilled in October 1986, through the upper 7.8 m
of Quaternary gravel, sand and clay, and down to the bottom
2.2 Additional subsurface temperature data through Oligocene clay. One conductivity value of clay from

adepth of 60 m is available (1.43 WrhK~1). The well was

Another three boreholes were repeatedly logged in Slovenialogged in January 1987, 3 months after the drilling, and then
with no evidence of non-climatic influence on the subsurfacein 2005 (Fig. 3d).
temperatures. They belong to the same category as borehole |n  January—-March 2003 borehole PDt-1/03 Brod-
V-8/86 Malence, about 100 m deep and 90-120 mm in diam+Podbdje (Fig. 2) was drilled five kilometers east of the
eter. Malence station (in the same geological setting) to a depth
The borehole V-7/85 Tognik near Kostanjevica (Fig. 2), of 848m. It penetrated 12m of Quaternary clay, sand
100 m deep, is located in the alluvial plain of the Krka river and gravel, underlain first with Upper Miocene sediments,
in the same geological setting as the Malence station, and 1.gredominantly quartz sand and carbonate silt down to 240 m
km SE from it. It was drilled in 1985 through 9 m of Qua- and sandy silt, sandstone and marl down to 474m. Below
ternary sand and gravel, and through Upper Miocene marl tdhis depth was a sandy to marly limestone and calcarenite
the bottom. Conductivity was measured on two samples obf Badenian age down to 675m, followed by gravel, sand
marl from 52 m and 100 m depth, the results of which wereand clay of Otthangian age down to 767 m and finally Upper
1.55Wnm1K-1 and 1.23WmlK~1, respectively. The Cretaceous carbonatic breccia, limestone, sandstone and
borehole was logged in January 1986, several months afteguartz extended to the bottom of the borehole. The borehole
the drilling, and then in 2005 (Fig. 3b). was logged for the equilibrium temperature only once, in
The boreholeST-1/85Statenberg (Fig. 2), 100 m deep, is October 2006, but contrary to other Slovenian boreholes
situated in a slightly hilly area at the south-western bordermentioned above, its greater depth allowed an inversion
of the Pannonian basin, about 55 km NNE from the Malenceof the uppermost 260 m of the log (Fig. 5) in terms of the
borehole climate observatory. It was drilled in June 1985,ground surface temperature history, similar to the profiles
through the upper 4m of Quaternary sand, silt and gravelfrom the Czech and Portuguese observatories.
then down to 60m depth through marl and to the bottom Al logs were done sufficiently long after the borehole
through siltstone of Upper and Middle Miocene, respectively.drilling for disturbances of temperature induced by the
Conductivity of 2.01Wm!K~! was determined on a silt- drilling to fade out. Therefore they show the true bedrock
stone sample from the depth of 98 m. The borehole wasemperature. Most of the logs were done with the logging
logged in November 1985, 5 months after the drilling, andtool of the Geophysical Institute Prague, the resolution of
then in 2005 (Fig. 3c). which is a few mK and absolute accuracy of the order of
Borehole BR-1/86 Brdo near Kranj (Fig. 2), 98 m deep, 0.01 K. The Portuguese log in 1997 and the Slovenian logs
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Table 1. Amplitude of the warming at the depth of 20 m observed in the individual boreholes by repeated logs.

Borehole Year of  Year of Time span Changein Rate of the
thefirst the latest betweenthe the depth of chahGéyr
log log logs, years 20mC

GFU-1 Prague 1993 2005 12 0.60 0.050

V-8/86 Malence 1987 2003 16 0.20 0.012

V-7/85 Toplénik 1986 2005 19 0.32 0.017

ST-1/85 1985 2005 20 0.37 0.018

Statenberg

BR-1/86 Brdo 1987 2005 18 0.45 0.025

TGQC-1 1997 2005 8 0.30 0.037

Caravelinha

in the 80’s were done with tools of the Geological Survey Repeated logs of borehole TGQC-1 Caravelinha at the Por-
of Portugal and Slovenia, respectively. Resolution of theseguguese station cover an 8-year interval (1997-2005) and in-
tools was of the order of 0.01K and an absolute accuracydicate warming of 0.3C at 20 m (0.037C/yr) fading out by

of the order of 0.1 K. When comparing the repeated logs, ita depth of 120 m (Fig. 8).

was assumed that small differences between their lowermost

linear sections (80-100m and below) are due to imperfect N order to explore the degree of coupling between the air
calibration. and ground temperatures and propagation of the surface tem-

perature changes downward into the bedrock, the observed
differences are compared with synthetic profiles that were
3 Results calculated for each borehole site by solving the heat conduc-
tion equation, using the SAT observations at the correspond-
3.1 Observed and simulated temporal subsurface temperang meteorological stations as a surface forcing function. The
ture changes heat conduction equation was solved with the finite differ-
ence methodafanda, 198%afanda an@ernék, 2000) for
The repeated logs shown in Figs. 1, 3 and 4 can be used to exx one-dimensional case. No heat flow was assumed through
amine the subsurface temperature changes over the logginte lower boundary set at a depth of 500m (Smerdon and
period and their depth dependence. Figures 68 depict differStieglitz, 2006; Stevens et al., 2007). The simulations be-
ences between the most recent and the most remote tempergin with the first SAT observation and continue to the time
ture logs of the individual Czech, Slovenian and Portuguesef the last borehole logging. The solution of the equation
boreholes, starting from a depth of 15m. — the subsurface transient response to the SAT forcing func-
All differences indicate warming (Figs. 6-8, Table 1), tion - depends on the initial temperature versus depth profile,
which is in qualitative agreement with the SAT observations.which was considered constant. This temperature value is
The most intensive warming is observed in the Czech borefeferred to as the initializing temperature (IT) in order to dis-
hole, where its amplitude amounts to 0Bat 20m dur-  tinguish it from the so called pre-observational mean, which
ing the 12 year period 1993—-2005 (Fig. 6) (warming rate ofis the initializing temperature optimized with respect to the fit
0.05CCl/yr) and temporal changes are evident down to 90 m between the simulated and measured transient profiles. This
Appreciably smaller changes were registered at the Sloveparameter strongly influences the shape of the transient pro-
nian observatory in borehole V-8/86 Malence (Fig. 7a) andfile (éafanda et al., 1997; Harris and Chapman, 1997; Ma-
in nearby borehole V-7/85 Toglnik (Fig. 7b), with warm-  jorowicz et al., 1999, 2004), but, as shown below, not so
ing amplitudes of 0.2C in the 16-year period 1987-2003 much a difference of the transient profiles. The synthetic
(0.012Cl/yr) and 0.8C in the 19-year interval 1986—2005 differences for the Czech, Slovenian and Portuguese bore-
(0.017Clyr), respectively. The differences here attenuateholes were calculated using the SAT series from meteorolog-
quickly with depth and diminish at 30—40 m. Slightly higher ical stations in Prague, Ljubljana and Lisbon, respectively.
differences, about 0°€ at 20 m, are displayed by another The distance between a borehole and a corresponding mete-
two Slovenian boreholeST-1/85 Statenberg (Fig. 7c) and orological station is not more than 100 km in all cases. The
BR-1/86 Brdo (Fig. 7d) over a span of 20 years (1985—2005)ITs used for these SAT series were equal to the mean of the
(0.018Cl/yr) and 18 years (1987-2005) (0.023yr), re-  first 50 years of the observations, i.e. €C1771-1820) for
spectively. They go also deeper than the previous two, tdPrague, 9.09C (1851-1900) for Ljubljana and 156 (1856—
90 m in éT—llSSétatenberg and to 50 m in BR-1/86 Brdo. 1905) for Lisbon. In order to demonstrate a low sensitivity of
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Fig. 4. Repeated temperature logs of the TGQC-1 Caravelinha bore-
hole at the site of the Portuguese borehole climate observatory in
Caravelinha near Evora done in the period 1997-2005.
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Fig. 5. Temperature log of the upper part of borehole PDt-1/03
Brod-Podbdgje.

the synthetic differences to the chosen IT, we considered IT
values that varied by-0.5°C around the first-50-year-mean;
the calculated curves are plotted together with the observed
differences in Figs. 6-8. As expected, the sensitivity of the
synthetic difference to the chosen IT is very small. It does
not exceed 0.0FE for the Czech and Portuguese boreholes
and 0.034C for the Slovenian boreholes and is comparable
with the noise level in the temperature logs.

In computing the synthetic transients for the Portuguese

Fig. 3. Repeated temperature logs done in Slovenia in boreholeand the Czech sites, we used annual means because the re-
(a) v-8/86 Malence at the site of the Slovenian borehole climate peated logs were done in the same season of a year. In the

observatory(b) V-7/85 Topliénik, (c) ST-1/85Statenberg andt)

BR-1/86 Brdo.

www.clim-past.net/3/453/2007/

case of the Slovenian sites, the monthly means were also used
alternatively to account for a possible influence of the annual
run on the difference calculated from the repeated logs done
in different seasons of a year. It turned out that below 15m
the results yielded by the two alternatives coincide within
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site specific conditions, it suggests that the signals con-

ta"?ed in the two sets of data are coupled and it _makes sen ig. 7. Comparison of the difference between the repeated logs
to invert the observed temperatL_Jre-depth profiles to erIdof the Slovenian boreholes versus difference simulated by SAT se-
a ground surface temperature history. Therefore, we apties from Ljubljana. (a) V-8/86 Malence at the site of the Slove-
ply the functional space inversion method (FSI) (Shen andhian borehole climate observatorg) V-7/85 ToplEnik, (c) ST-
Beck, 1991) to the temperature versus depth profiles from the/gs Statenberg an¢tl) BR-1/86 Brdo. Three different initializing
Czech (Fig. 1) and Portuguese (Fig. 4) observatories, whichemperature (IT) values were considered. IT =&.0s equivalent
are 140m and 188 m deep, respectively, and to the uppetto the 1851-1900 SAT mean.

most 260 m of the Slovenian profile from borehole PDt-1/03

Brod-Podbgje (Fig. 5). The other temperature profiles from
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Fig. 8. Comparison of the difference between the repeated logs
(2005-1997) of the Portuguese borehole TGQC-1 Caravelinha ver-
sus the difference simulated by SAT series from Lisbon. Three dif-
ferent initializing temperature (IT) values were considered. IT =
15.6°C is equivalent to the 1856—-1905 SAT mean.

Slovenia are only 100 m deep and their inversion could not
reproduce the whole amplitude of the recent warming (Ma-
jorowicz et al., 2004). The reconstructed variations of the
ground surface temperature (GST) history are depicted in
Figs. 9a—c. In the case of the Czech and Portuguese profiles
both individual and simultaneous inversions of the oldest and
the most recent repeated logs were done (Figs. 9a, c). Con-
sidering repeated logs in a simultaneous inversion helps to
constrain better the steady-state part of the temperature pro-
file, which is determined in a decisive manner by possible
conductivity variations with depth. The GST histories re-
constructed from individual inversions of the oldest and the
youngest profiles differ considerably. This fact is connected
with quickly decreasing resolution of the GST reconstruction
going back in time. FSI of the Slovenian borehole, which
was logged only once and where the estimated diffusivity of
sedimentary rocks is not constrained by measured condu
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L . e e . cIfig. 9. Ground surface temperature histories reconstructed by func-
tivity data, was done for three different diffusivity estimates 4| space inversion for the Cze¢a), Slovenian(b) and Por-

covering the possible range (Fig. 9b). As expected, the effect;;guesdc) borehole climate observatories. Variations of the ground
of different diffusivity values assumed for the reconstructedtemperature are shown together with variations of the surface air

GST history is small.

temperatures and their 11-year running averages from meteorolog-

The GST histories at the Czech, Slovenian and Portugues@a| stations in Prague, Ljubljana and Lisbon, respectively. For the
sites are shown together with the mean annual SAT andrzech and Portuguese boreholes both individual and simultaneous

its 11-year running average from meteorological stations in
Prague, Ljubljana and Lisbon, respectively (Fig. 9). Whereast
the resolution of the SAT series does not change in time, reso-
lution of the GST reconstruction decreases with time into the
past. The reconstructed GST at a given momeintthe past
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inversions of the repeated logs were done. Three histories shown for
the Slovenian borehole corresponds to three different hypothesis of
hermal diffusivity assumed in the inversion.
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is a weighted average of temperature over a certain period aferved difference even for the lowest possible diffusivity of
time, which increases linearly withlike 0.5-0.7% 1t (Clow, 0.4x10°m2s1. Relatively good agreement between the
1992). Thus, the GST value reconstructed, e.g. for the yeatwo differences appears in the remaining two Slovenian bore-
1850 from the temperature — depth profile measured in théolesST-1/85Statenberg and BR-1/86 Brdo for the realistic
year 2000, represents a weighted average over the time intediffusivities 0.8x10-6m?s 1 and 0.4 10~ m?s~1, respec-
val 1812-1887 (for the rate &&) up to 1797-1902 (for the tively.
rate 0.% ) This loss of resolution explains a smoothness of The most prominent feature of the SAT series is an accel-
the reconstructed GST histories and their incapability to re-eration of the warming in the last two decades of the 20th
solve decadal and multidecadal variations seen in the SAT sezentury. In this respect it is interesting to compare the am-
ries prior to the last few decades. The SAT series were shifteglitude of warming of the 11-year SAT running average and
tentatively to the level of the reconstructed GST variationsthat of the GST reconstructed by the FSI in the period 1980—
in the interval 1961-1990, because the long-term values 02000. GST warming surpassed the SAT warming b§©.ih
their differences are not known yet and should be determinedCzechia (1.4C versus 1.8C) (Fig. 9a) and by 0 in Por-
on the established borehole climate observatories. The usetigal (0.8C versus 0.6C) (Fig. 9c), but was 0 smaller
SAT series represents the longest one in each of the threim Slovenia (1.0C versus 1.3C) (Fig. 9b) during this pe-
countries. Observations in Prague began in the year 177Xjod. The last two decades of warming has a strong influence
in Ljubljana in 1851 and in Lisbon in 1856. The distance of on the temporal changes observed by the repeated logging.
the corresponding meteorological stations from the boreholdn accordance with the results of the FSI reconstructions, the
sites is about 8 km in Prague, 80 km in Slovenia and 100 kmobserved differences are higher than the simulated profiles
in Portugal. Each of the meteorological stations is locatedat the Czech and Portuguese observatories, but lower at the
in a large city, with Lisbon and Prague having about 1 mil- Slovenian station.
lion inhabitants each and Ljubljana about 0.3 million. There- The largest difference was observed at the Czech obser-
fore, the amplitude of the recent warming which started atvatory, 0.6C at 20 m (warming rate of 0.08C/yr) (Fig. 6,
the end of the 19th century may have been enhanced by th&able 1). It is two times more than the simulated difference
anthropogenic effect caused by the growing citi®afanda  suggests. Therefore, it could be that subsurface temperature
et al., 1997). This could explain different amplitudes of the at the station is influenced by new structures built within the
warming between SAT and GST observed at Prague and icampus of the Geophysical Institute within the last 10-20
Slovenia. The amplitude of the SAT warming since the endyears and/or by other components of infrastructure (asphalt
of the 19th century is about’2 both at Prague and Ljubl- roads, a playground etc.) built 40-50 years ago. This sus-
jana, whereas the amplitudes of the GST warming at correpicion is supported by an otherwise good correspondence of
sponding borehole sites are 0.8€1smaller. Nevertheless, the two differences at depths below 50 m. We carried out a
in Portugal both the amplitude and the variations of the Lis-quantitative analysis of these effects in the spring of 2007
bon SAT warming are quite well reproduced by the inversion(Déde&ek et al., 2007b) by solving numerically the heat con-
of the Portuguese profile, where it amounts to about@.5 duction equation in a three dimensional geothermal model of
One possible explanation of this difference between Portuthe borehole site. In compiling the model, we used results
gal and Central Europe could be a different relative level ofof our ground temperature monitoring below grass, sand and
long-term means prior to 1840 with respect to the levels typ-asphalt (Bde&ek et al., 2007a). It turned out that the above
ical for the period 1840-1900. As the Prague’s SAT seriesmentioned anthropogenic structures influence the tempera-
indicates, temperatures prior to 1840 were higher than in theure in the borehole quite strongly. Their warming effect in
period 1840-1900 in Central Europe and that is why the GSTthe uppermost 40 m is nearly as large as the warming due to
reconstructions yield there a long-term mean higher than théncreasing SAT. This fact explains very well the discrepancy
1840-1900 SATs. Itis possible that in Portugal this was notbetween the GST and SAT warming rates in the last decades
the case and the long-term mean prior to 1840 is comparablé-ig. 9a). It also means that the coupling between the air and
there with the 1840-1900 level. ground temperatures is quite strong at this site.
The situation at the Portuguese observatory is qualitatively

similar to that at the Czech station. Here the observed differ-
4 Discussion ence also surpasses the simulated profile in the uppermost

40m and is similar to the profile below this depth (Fig. 8).
Both the observed and the synthetic differences (Figs. 6—8)n absolute values, however, the differences and their mis-
reveal a warming, but the degree of quantitative agreementit are much smaller. The observed warming of°@3at
varies appreciably. In the Portuguese and the Czech bore20 m (warming rate of 0.03T/yr) is 50% of that in Prague.
holes the synthetic difference approximates the observed difThe observed higher-than-simulated warming in the bore-
ference quite well below the depth of 40-50m. By con- hole might stem, at least partially, from possible differences
trast, in Slovenian boreholes V-8/86 Malence and V-7/85in the last two decades of SAT warming on the Atlantic
Toplicnik, the synthetic difference is larger that the ob- Ocean coast, represented by the Lisbon SAT series, and at
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the borehole site with a more continental climate typical for NATO Collaborative Linkage Grant PDD(CP)-(EST.CLG 980 152)

the interior of the country. and by the grant project IAA300120603 of the Grant Agency of the
The observed differences in borehole V-8/86 Malence atAcademy of Sciences of the Czech Republic.

the site of the Slovenian observatory (Fig. 7a) and in the

nearby borehole V-7/85 Tophnik (Fig. 7b) are smaller than Edited by: J. Smerdon

the simulated profiles and diminish to the noise level at shal-

low depths of 30—40m. The smaller-than-expected warm-
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