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Abstract: The objective of this study was to defaerthe net shortwave solar radiation (K*)
on a plateau and the bottom of a canyon in thehsontpart of the Krakow-Gstochowa Upland.
Its significant diurnal and annual variability waspressed as hourly, daily, monthly, seasonal and
annual totals of K*. The great diversity of theréén, varied forms, expositions and slopes, consid-
erable denivelations, and also the diversity ofléamel cover and land use make this small area very
diversified as far as radiation conditions are eoned. On the basis of the actinometrical study, th
differences of radiation were assessed on twondistnorphological terrain forms: on the plateau
and on the bottom of the canyon. The mean dailyevaF the total of K* amounted to 10.8 MJ'm
on the plateau, and to 9.1 MJ%on the bottom of the canyon in the analysed period
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INTRODUCTION

The net solar radiation (K*), also known as effeetradiation, is the differ-
ence between the total solar radiationj Xland the reflected radiation {K It is
extremely important for the formation of the clingatonditions of the area, as it
affects the processes taking place in the supalfadtive layer, the energy bal-
ance, and therefore the thermal and humidity watatibetween the subsurface
layers of the atmosphere and its substratum (OIB9,1Pasziski 2004, Kos-
sowski 2005, 2007, Steinacker al. 2007, Bry 2009, Hochet al. 2010). For
these reasons, in the study of climate it is vergdrtant to recognise the compo-
nents and structure of the net solar radiatiomefactive surface.

The research and modelling of the solar radiatiothé Krakéw-Cgstochowa
Upland exhibited a high spatial variability of itlistribution (Caputa 2001,
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Wojkowski and Caputa 2009a, 2016a, Caputa 2016gh kelief of the terrain,
variety of forms, exposure and inclinations, aslaslconsiderable differences in
altitude result in the fact that on a relativelyadinarea there is a significant diver-
sity of insolation conditions and of the structofethe radiation balance (Caputa
and Wojkowski 2015). This affects the formationtloé temperature (Clemess
al. 2003), thermics of the active surface (Caputa\diogkowski 2013), limestone
rocks (Brzeniak 2001, Caputa 2016b), the presence of snow Kgggki 2009),
temperature inversion (Whitemahal. 2004, Niedwiedz 2009), etc. This brings
about microclimatic contrasts (Bokweh al. 2006, Caputa 2009), formation of
various topoclimates (Klein 1992, Bokveh al. 2008, Bart& 2014), which, in
turn, is correlated with indigenous vegetation {golelek 2009, Barany-Kevei
2011) and biodiversity (Wotowslt al. 2004) in karst areas.

The subject of this study is the variability of thet short-wave solar radiation
in the southern part of the Krakéw-¢3tochowa Upland in the period of 2008-
2014, whereas the aim is to identify factors afferthe net K* for specific sites:
the plateau and the bottom of the canyon.

MATERIAL AND METHOD

The study area is located in the Ojcoéw NationakRé#uated in the southern
part of the Krakow-GCgstochowa Upland (Fig. 1). This area has high retiafl is
characterised by diversification of forms, exposar& inclinations, significant
differences in altitude and exposed rock formati@@Bsadzhski et al. 2008). Two
groups of forms are identifiable in this relieg.iplateau and canyon. These geo-
morphological forms exert the greatest impact encibnditions of the local climate
(Caputa and Partyka 2009). The data employed irstiidy were collected at the
meteorological station located on the plateauhéwillage of Lepianka Czajowska
(LCz — plateau characterised by the geographic dioates of 50°123"N
19°4704"E, altitude of 483 m a.s.l.). The station is sigiabn a flat area, with an
insignificant horizon obstruction (2%, mainly teetwest), and well represents the
climatic conditions of the highest part of the KiakCzstochowa Upland (Caputa
and Léniok 2009). The other station of Park Zamkowy irc@y (PZ — canyon
characterised by the geographic coordinates ofZ588'IN 19°4944"E, the altitude
of 322 m a.s.l.) is located on the bottom of theawa (50-150 m), deep (more than
100 m) valley of the river Rdnik, with the general course from the north to the
south. The horizon obstruction is considerable 33%- due to the steep slopes of
the eastern and western exposure and trees. Sachtian of the station reflects
the specificity of the deep canyons of the Krakémsibchowa Upland which ex-
hibit the character of canyons, and well represtrgsclimatic conditions of con-
cave landforms (Caputa and Partyka 2009).
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Fig. 1. Location of the meteorological stations (A) in fivefile of the study area (B) and obstruction
horizon on the plateau at Lepianka Czajowska (@) @mthe bottom of the canyon in Ojcéw (D).
1 — meteorological station, 2 — villages, 3 — tolbs

Both of the stations, apart from recording basi¢emelogical components,
also carry out the measurements of radiation bel@mmnponents with the em-
ployment of CNR1 (Kipp&Zonen) at the height of Ivbabove the ground. The
measurements were performed within 10 s intervatk recorded with CR1000
(Campbell) as 10 minutes’ averages. The fluxes pfakd K} were measured
with CM3 pyranometer (305-2800 nm) with measurementor of 6%
(-10+40°C) and +25 W mat 1000 W . The CNR1 sensor (consisting of two
CM3 and two CG3) was periodically calibrated througpomparing it to the
CNR1 and CNR4 (a new one certified by Kipp&Zonemyrking at the station of
the Faculty of Earth Sciences in Soshowiec.

For the purpose of the analysis, the data sergs the years of 2008-2014
were employed. Missing data from the LCz statiomensupplemented by the
measurements from the PZ station (using regressiprations and taking into
account the time of day and the year). The valdabetotals of K* were pre-
sented in UTC time (official summer time = UTC +H2h The average solar noon
in the area is at approx. 10:39 UTC. Thus prep822B9 values of the hourly
totals of K| and 2557 values of the daily totals of K* werelgsed with the Sta-
tistica program. The distribution of the variablgas different from the normal
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distribution. The flux K* was substantially varigbturing the day and the year
due to the position of the Sun.

Due to the distribution of the variables of theiaéidn totals, different time
intervals (hourly, daily, monthly, seasonal and waijwere taken into account,
which constituted the basis for determining the ami@nd variability of the ef-
fective radiation absorbed by the plateau partszjL&hd the bottom of the can-
yon (PZ) as the characteristic forms of the Krakzgstochowa Upland.

RESULTS
Hourly totals of the net solar radiation

As a result of the analysis of the hourly totalsnef K*, the frequency in the
intervals of 0.5 MJ nth™ was calculated to identify the distribution of trelues
recorded in the period of 2008-2014. The vast nitgjoff the values of the hourly
totals of K* fall into the range of 0-0.5 MJ Al (53.7%), whereas only 1.5% of
the totals of K* were greater than 2.5 MJm* in the open space of the plateau.
On the bottom of the canyon the values observedh& aforementioned
range/interval were 5.7% higher, while the totdl&®babove 2.5 MJ nifh™ were
1.2% lower (Tab. 1). This resulted mostly from timeited supply of radiation to
the bottom of the canyon due to its shading bystbpe.

Table 1. The percentage of the hourly totals of K* at L@ &Z stations in the period of 2008-2014

K* (MJ m~hour?)

Stations 0-0.5 0.5-1 115 152 225 >25
LCz — Plateau 53.7 17.6 116 94 6.2 15
PZ — Canyon 59.4 14.7 114 9.2 5.0 0.3

The highest mean total K* of 1.1 MJth in the analysed multiyear period
was observed within the interval of 10:10-11:00_8& station. The equivalent
total of K* on the bottom of the canyon was 0.1 M h™ lower. Within the
same time interval, the maximum of K* amounting2® MJ m?h™, was re-
corded at LCz station on 6.07.2008. It was assediatith the ascendancy of the
Sun (10:39 UTC), lack of cloud cover and high eansparency. The distribution
of the mean hourly totals of K* demonstrated theafof the horizon obstruction
and the reduction of the flow of radiation to theitom of the canyon due to the
high humidity and frequent fog in the terrain degsien (Fig. 2). There was also
observed an asymmetry of the distribution of radiebecause of the overcast
sky. However, much greater impact on the reduabioradiation K* was exerted
by the relief of the deeply incised canyon caushmeg horizon obstruction by the
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slopes (especially form E and W directions). Thenefa decreased operation
the Sun in the canyon, and therefore lower tot&l&* were recorded in th
morning and evening hot (Fig. 3.
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Fig. 2. Mean hourly totals of K* (MJ i at LCz (plateau) meteorological station (A) arid
(canyon) station (B) in 20(-2014

Table 2. The percentage of the daily totals of K* at LCz &¥lstations in the period of 2(-2014

* =2 -1
Station: K* (MJ ni"day )

0-4 4-8 8412 12416 16-20 > 20
LCz —Plateal 37.0 17.5 12.¢ 13.3 11.5 8.1
PZ —Canyor 44.2 175 145 14.0 8.9 0.9

Daily totals of net solar radiation

In the open area of the plateau, the vast majofitile values (54.5%) of the da
totals of K*were below 8 MJ ?d™* and merely 8.1% were above 20 M?d™ In
the corresponding ranges on the bottom of the gldapised canyon, exhibitin
the character of the canyon, the percentage pahtthe daily totals of K’
amounted to 61.7 and 0.9%, pectively (Tab. 2). Values of the daily total of |
above 12MJ n?d ™ occurred from 28 March to 5 October, and were ofeskfor
167 to 207 days of the year on the plateau, whightp to a relationship with t
vegetation season in the areasignificantly shorter period, from 27 March
13 September, was characterised by analogous values tdtals of K*, and wa
observed for 140 to 171 cs per year in the canyon (Fig). The highest dail
total of K* of 26.3 MJ r?d* was recorded on3.06.2013. whereas a value clt
to zero —on 28.01.2009 at LCz station. On the same daysexlreme values ¢
the totals of K* (21.5 MJ d ™) were recorded at PZ station. This was the e
of strong absorption of radiation by the grassyfasmgr in summer, whereas
winter, owing to the fact that sh-wave radiation is reflected from the brig
surface of snow, the absorption of radiation wgsaificantly limited
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Fig. 3. Mean hourly totals of K* categorized according tonths on the plateau (A) and the bott
of the canyon (B) in 20(-2014. The square indicates the average value,abieed lines mark tt
maximum
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Fig. 4. Mean daily totals of K* on the plateau (A) and th@ttom of the canyon (B) in 20-2014.
The square indicates the average value, the dédisiesdnark the extrem

In the monthly distribution of the mean daily tstaf K*, the months fror
April to Sepember were distinguishable at LCz station, wheetd®Z station th
values exceeded 8.0 M.?d ™ only from April to September (Fig. ! These pe-
ods were closely linked with the vegetation seasdren effective radiation w
utilised in life process: of the plants. The highest mean analysed total*oivs
calculated for Jul—16.3 MJ n"?d™, while the lowest for Janua— 1.2 MJ n2d™
on the exposed surface of the plateau. Due toelief of the canyon, much low
values were noted in July (3 MJ n2d™) on the bottom of the canyon, and
December (0.7 MJ 2 d™) radiation was additionally limited by fog and bain
terms of seasons, higher mean daily totals of Krewaharacteristic for the spril
and summer, amounting 11.3 and 15.2 N m?d™" at LCz station and 9.2 a
12.5MJ m2d* at PZ stationrespectivel (Fig. 6). Much lower values of tt
analysed totals of K* occurred during the autumd arnter because of the Ic
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position of the Sun above the horizon, shorter dagd incrased cloudiness ai
haze in comparison with the spring and summer.r@tigin of the horizon by tr
slopes and the vegetation growing on the slopesrandottom of the canyon was
additional important factor limiting the flow ofai&tion to the concwe landforms
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Fig. 5. Mean daily totals of K* categorized according tontits on the plateau (A) and the bott
of the canyon (B) in 20(-2014. The square indicates the average value raéineef stands for tr
standard deviation from the average value, whiteddished lines rrk the extreme
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Fig. 6. Mean daily totals of K* categorized according t@ tseasons on the plateau (A) and
bottom of the canyon (B) in 20-2014. The square indicates the average value raineef stand
for the standard deviation from the average vallele the dashed les mark the extrem

The annual course of effective radiation in thekérs-Czestochowa Uplan
was as follows: in the winter months, the valuesenlew, whereas in Marcl
when the snow had melted, there was a sharp upsutge values. In the montl
that followed, a rapid increase resulted in theirchéag the maximum in Jul
Starting from August, they decreased graduallyl we¢iching the minimum in tr
winter months
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The mean annual daily total of K* was 8.7 M?d™ on the plateau in tt
analysd multiyear period; the highest was 9.2 Md™ in 2012, and the lowe.
7.9 MJ m?d™in 2010. The average value of the daily total K*the bottom o
the canyon was 6.9 MJ d™ in the analysed period; the highest va—
7.2 MJm*d*in 2012, an the lowest- 6.3 MJ n?d™ in 2010. These value
were on average 21% lower than those measuredeguidteat

Monthly totals of net solar radiation

The compilation of the monthly totals of K* allowedmore general as:s-
ment of the radiation relationips in the annual course in the years -2014
(Fig. 7). Low mean monthly totals of K* occurredtié analysed stations in .u-
ary and in December, whereas the highest in Juilis Was closely related to t
position of the Sun above the horizon anthe length of the day. At LCz static
in the course of the totals of K*, a significantianv of radiation to the active r-
face was observed in the spring months, e.g. tked td K* for April 2009
(506 MJIni ) exceeded the total of K* for June (408 m™) and August (469 MJ 7).
It should be noted that June 2009 was exceptiomdtiydy and rainy, whiche-
sulted in values significantly lower than the méatal of K* at LCz station, whic!
was 466 MJ 12 montt™ for the period of 20(-2014. The calcuted mean
monthly total of K* for May had a high value of 448] m?month™. However,
the month of May was characterised by a high véitialof insolation condition:
in the aforementioned total of K*, from the minimy@08 MJ n™) in 2010 to the
maximum(533 MJ m?) in 2012 at LCz station. Slight variations and étages of
the monthly totals of K* were observed in Novembed in the winter month
The highest analysed total of K* of 567 M. was recorded in July 2009, wh
the lowes— 14 MJ m?— in January 2010 on the plate
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Fig. 7. Mean monthly totals of K* on the plateau (A) and tiottom of the canyon (B) in 2(-2014.
The square indicates the average value, whiledksbhetl lines mark the extrer
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In the course of the mean monthly totals of K*jgn#icant inflow of radia-
tion to the active surface of the canyon was naidtie spring months (Fig. 7B),
e.g. the mean monthly total of K* reached a higlhugaf 378 MJ nf in May.
The highest value of K* equal to 457 MJ3was recorded in July 2013. whereas
the lowest of 11 MJ M — in December 2010 at PZ station. Minor variatioms
monthly totals of K* were observed in November amthe winter months. These
values were significantly lower than the values soead on the plateau due to the
shortened time of operation of the Sun. This tines wspecially reduced at the
time of a low position of the Sun in the winter ntiw During this period, the
bright surface of snow additionally reflected tloat radiation (large incidence
angle), thus minimising the totals of K*.

Annual totals of net solar radiation

At the station on the plateau, the minimum annotl tof K* had the value of
2870 MJ ¥ in 2010, whereas the maximum — 3335 MJim2012. The mean
annual total of K* for the period of 2008-2014 wa70 MJ m?year™. The low-
est annual total of K* on the bottom of the canyeas 2313 MJ nfin 2010,
while the highest amounted to 2625 MFmn 2012. The mean annual total of K*
reached 2500 MJ thy *for the studied period. This value was 21% lowemth
the mean annual total of K* for the same periodasueed on the plateau of the
Krakéw-Czstochowa Upland. The main reason for this fact thassignificant
obstruction of the horizon in the deep canyon, libéom of which is located
161 meters below the station on the plateau (Fig. 1

DISCUSSION

The amount of solar radiation absorbed by the adiuface and transformed
into other forms of energy is directly dependenttiom amount of the total solar
radiation incoming to the surface, and short-waadiation reflectivity of the
surface (Paszgki and Niedwiedz 1999). The diverse terrain relief and hetero-
geneity of the vegetation of the KrakéweStochowa Upland lead to a distinct
spatial differentiation of the amount of solar epyeabsorbed by the Earth's sur-
face (Wojkowski and Caputa 2009b). The tabulateth gint to the monthly
variation and large contrasts between the plateautlae canyon resulting from
these factors (Tab. 3). The large contrasts ofrtbelation conditions in this area
have been confirmed by spatial modelling (Wojkowaskil Skowera 2011).

High positive differences between the measured randelled values were
obtained for the months of May and June. Therefitve high values of the ana-
lysed totals of K* measured on the plateau aredlsalt of the inflow of the flux
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K| unrestricted by any obstacles (trees, buildings) ¢Caputa and Wojkowski
2016b). The higher values were measured in theg@nd summer months be-
cause of the high position of the Sun above th&borand the length of the op-
eration of the sunlight, while the lower totalskof were recorded in the autumn
and winter. This was in line with the higher valudsthe inflow of K| to the
southern part of the Krakéw-€ztochowa Upland (Caputa 2015a,b). This is con-
firmed by the tabulated per cent ratio of the wtaf K* to the totals of K
(Tab. 4). On the plateau, this ratio ranged from@35% during the vegetation
season due to the lack of snow cover, whereasstsigaificantly lower in winter
when snow cover was present (80%) — after T. KogkanSzcgsna (1973). At
the same time, lower percentage points were catmifar the bottom of the can-
yon. On average, for the year it was a value ab®utower than the value on the
plateau. In addition, the convex landforms of thekéw-Czstochowa Upland
were characterised by lower humidity, as well addsg frequent fog and mist in
comparison with the concave landforms (Caputa 200®yeover, higher wind
speeds on the plateau (Bfm&ak and Partyka 2008) contributed to an increase i
the transparency of the air and thereby incredsedadiation flux. The maximum
values of the hourly and daily totals were measworedlear, cloudless days.

Table 3. Mean monthly and annual totals of K* (MJ9non the plateau (LCz) and the bottom of
the canyon (PZ) and the differences between PA.@zdn 2008-2014

Month 1 2 3 4 5 6 7 8 9 10 11 12 Year
LCz — plateau 38 82 218 377 449 466 505 431 285 183 90 46 3170
PZ — canyon 23 51 165 305 372 387 412 347 222 128 59 30 2500
PZ -LCz -15 -31 -53 -71 -77 -79 93 -84 -63 -55 -31 -17 -670
Km* — modelled 45 82 221 360 487 506 491 397 259 129 50 28 3055
Kn*—LCz 7 0 3 -17 38 40 -14 34 -26 -54 -40 -18 -115
Ky* —PZ 22 31 56 55 115 119 79 50 37 1 -9 -2 555

Kn* — modelled monthly values of K* in ONP / monthkalues of K* in the Ojcéw National Park
calculated with the employment of the empirical mlo@Vojkowski and Skowera 2011)

Table 4. Per cent ratio of monthly and annual totals oft&*K| (%) on the plateau (LCZ) and the
bottom of the canyon (PZ) and the differences betweZ and LCz in the years of 2008-2014

Month 1 2 3 4 5 6 7 8 9 10 11 12 Year
LCz - plateau 46 52 72 82 82 83 8 84 84 83 82 650 8
PZ — canyon 36 43 69 79 79 80 79 78 79 78 76 57 75
PZ-LCz 10 9 2 -4 -4 -3 -6 -5 -4 5 -6 -9 -5

The much lower values of K* calculated for the baoitof the canyon resulted
mainly from the lower influx of K (Caputa 2016a). Therefore, the differences of
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the totals of K* between the canyon and the plateare the greatest in the sum-
mer, and in the annual total they amounted to 620nf (Tab. 3). The spatial
modelling of K* indicates the lowest values of rithn on the bottoms of can-
yons, in depressions of the terrain, on the nomtlseypes of canyons due to shad-
ing (Wojkowski, Caputa 2015). In addition, canyarfighe meridional course are
more shaded than those of the latitudinal courseitikL992, Caputa 2015b). This
is of particular importance in areas of diverséefah early morning and late af-
ternoon, when the position of the Sun is low (Whidm et al. 1989, Baranowski
2003, Gdek and Caputa 2003).

Physical properties of the surface (e.g. moistuegietation cover), its shape
and incidence angle (Bailegt al., 1999), constitute another factor which deter-
mines the intensity of K*. It is particularly imgant in karst conditions, where the
proximity of rock walls may increase its values dogse of the bright surface of
high-reflectivity (Caputa 2016b). Reflectivity vas significantly according to the
type of the natural surface. In the case of bailesmar radiation is absorbed only
by a thin upper layer (Pasiski et al. 1999), while limestone or the surface of snow
highly reflect radiation. Moreover, the values difemlo were influenced by the
phase of the plant growth and affected the tot&l*dfTab. 3 and 4). These correla-
tions are spatially reflected in satellite imaggdte variety of the landforms (Wo-
jkowski and Caputa 2009b). An average albedo meddir the study area was
20%, the lowest in the autumn — up to 12%, anchtgkest for long-lying snow —
more than 60%. The highest albedo recorded indteflige photo was characteristic
of limestone rock — 24% in spring, slightly lower summer (23%) and 18% in
autumn (Wojkowski and Caputa 2009c). The maximura mated for snow (86%)
and much lower for grass (21%), and at bare sehe\2% (Brg 2013).

The measured daily totals were 0.95 MJdt higher than those reported in
the past for the Krakéw-@gtochowa Upland as the daily mean total of K* of
7.75 MJ m? d* was reported for the period of 1956-1975 (Grzybadweskal.
1994). The cited authors distinguish the vegetagieriod (IV-X) and report the
mean daily total of 11.25 MJfd* which is 1.35 MJ nfdlower than the value
measured on the plateau. Lower values were alsortegp in earlier works
(Paszyiski 1966, Koztowska-Szegna 1973). Higher radiation measured on the
plateau can be attributed to the global brighterfeag. Wanget al. 2013). Part of
the work shows a strong upward trend of measurddr s@adiation, even
0.87 W m?in the period of 1982-2008 (Wamgal. 2012).

The maximum annual radiation K* occurred in Julhen its monthly totals
exceeded 505 MJ thon the plateau and 412 Md?in the canyon. Values
3 MJ m? lower were reported by Koztowska-Szsma (1973), whereas the data
comprised in the Atlas of the radiation balancé&aland (Pas#ski 1966) were
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5-10% lower. In the cold period, the influence nbw cover on the values ob-
tained was significant, as bright surfaces absoréllsamounts of energy.

The measured values of radiation allowed validatimgdels of the spatial
variability of the intensity of K* and constructingaps of actual distribution of
radiation (Wojkowski and Skowera 2011). In addifitime quantitative compila-
tion of the totals of K* has laid the foundatioms further detailed analysis of the
climatic, microclimatic, biological and ecologicabnditions of the environment
of this part of the Krakéw-Gstochowa Upland.

CONCLUSIONS

The compilation of the intensity of the net shoewe solar radiation in the
form of hourly, daily, monthly, seasonal and anniadhls allowed determining
the variability of the radiative conditions of tlupen plateau surface and the
deeply incised canyon in the southern part of thek&w-Czstochowa Upland.

On the basis of the measurements of radiationeastétion of Lepianka Cza-
jowska (plateau) and Park Zamkowy (canyon) in Ojddwhe period of 2008-
2014, the following differences in the totals of ire observed:

1. The highest mean hourly total of K* of MO m2h™ was noted in the can-
yon for the interval 10:10-11:00 UTC. Within thensatime interval, the maxi-
mum of K* of 2.9MIm™?h* was recorded on the plateau on 06.07.2008.

2. The highest daily total of K* of 26.81J m™ d* was measured on
13.06.2013 on the plateau, whereas the value dndénaon the bottom of the
canyon was 18% lower.

3. The months from April to August were distinctivecause of a high mean
daily total of K* — the highest of 16.81J m? d™ in July and the lowest of
1.2 MI m?d™ in January on the plateau, and 13.3 andMJ7n™ d, respec-
tively, on the bottom of the canyon.

4. The average value of the daily total of K* wa® BIJ m?d"at the exposed
LCz station, and 6.9 MJ Tfd *at the PZ station in the deep canyon.

5. The mean annual total of K* was 31¥MJ m?y " at LCz station and
2500 MJ m?y*at PZ station for the studied period.

The foregoing differences resulted from the faat the stations were located at
characteristic points (plateau and canyon) in a-nédjef karst terrain of the
Krakow-Czstochowa Upland. On the bottom of the deeply imtisanyon, the
surface absorbs on average 21% less radiationinhia® open air on the plateau.
This percentage ranged from 18% in January to 40%ly. The main reason for
this fact was that the supply of total radiatiorswaduced by the mountains, slopes
and vegetation on the walls of the canyon. Thisbee confirmed by substantial
obstruction of the horizon at the measuring poimttiee bottom of the canyon.
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Therefore, in the areas situated on the bottonmh@fcanyon, unfavourable insola-
tion conditions prevailed (especially in the periomm October to March). In addi-
tion, longer duration of snow cover in the wintkar on the plateau was another
factor which reduced the totals of K* on the bottofithe canyon.
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SALDO PROMIENIOWANIA SLONECZNEGO W POLUDNIOWEJ GACI
WYZYNY KRAKOWSKO-CZESTOCHOWSKIEJ W OKRESIE 2008-2014

Zbigniew Caputa
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ul. Bedzinska 60, 41-200 Sosnowiec
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Streszczenie: Przedmiotem badayto saldo promieniowania stonecznego (K*) na wier
chowinie i na dnie kanionu w potudniowejeszi Wyzyny Krakowsko-Czstochowskiej. Zmienrig
dobowg i roczry K* wyrazono jako sumy godzinne, dzienne, mgegne, sezonowe i roczne
w okresie 2008-2014. Da r&norodnd¢ terenu, zrénicowane formy, ekspozycje i stoki, zdu
deniwelacje, a tate r&norodndé pokrycia terenu i kytkowania gruntéw sprawiae ten krasowy
obszar ma zrhicowane warunki insolacyjne. Wykazanazgzmienng¢ salda K* oraz jego uwa-
runkowanie ze wzgHu na zastorcie horyzontu przez strongeiany kanionu. Rinice promienio-
wania pochtonjtego oceniano dla dwoch adych form morfologicznych: wierzchowiny i dna
kanionu. Srednia dzienna wargé sumy K* w analizowanym okresie wyniosta 10,8 M¥ ma
wierzchowinie i 9,1 MJ-i na dnie kanionu. Analogicznie do wymienionych fotenenowych
$rednie roczne sumy K* dla analizowanego okresu wstgi3955 i 3312 MJ-TA

Stowa kluczowe: promieniowanie stoneczne, saldanpeaiowania, promieniowanie po-
chlonkte, topoklimat, Wyyna Krakowsko-Cgstochowska



