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ABSTRACT: LOKSA G., Variations in microclimate modified by open-
cast mining: case studies from Hungary. (IT ISSN 1724-4757, 2007).

Open-cast mining involves significant changes in topography and
thus also influences the physical conditions of the atmosphere in the min-
ing area and in its immediate surroundings. The paper intends to illus-
trate some of the interactions through findings from microclimate mea-
surements in the pits of a lignite mining area of North Hungary. Implica-
tions for mining land reclamation are emphasized.

KEY WORDS: Open-cast mining, Microclimate, Land reclamation,
Mátra Mountains (North-Hungary)

INTRODUCTION

At the first impression the interactions between open-
cast mining (confined to the lithosphere) and meteorology
(a science studying the atmosphere) do not seem very
strong. However, if one considers that the solar energy
which controls the physical processes of the atmosphere
reaches the atmosphere through the mediation of the sur-
face, the interactions are found to be essential. The ground
surface, more precisely its material composition, structure,
cover, morphology and colour is of great importance in
meteorological processes. Open-cast mining continuously
modifies these properties and the completion of extraction
activities results in a final new surface.

The order of magnitude of climatic variation is general-
ly proportionate to degree of surface transformation;
therefore modifications at micro- and mesoclimatic scales
due to mining are expected. The modifications affect the
areas of mining activities and their immediate surround-

ings. Although the interrelationships between climate and
mining discussed in this paper constitute only a small seg-
ment of the total climatic system and are embedded in the
numerous environmental problems raised by open-cast
mining, they still deserve attention, and it is useful to sum-
marize related knowledge.

OPEN-CAST MINING AND METEOROLOGY

The relationships between open-cast mining and mete-
orology can be approached in two stages: during mining
operations and after mine closure.

1. When a mining pit is deepened, an open air space
with characteristic properties under extreme physical
conditions is created (Baklanov 1986). The properties de-
pend on pit depth and the quality of pit surfaces. The
thermal conditions of the exposed bedrock and deposits
on the bedrock are often different from those of original
surfaces. Furthermore, air circulation conditions may also
be modified. Consequently, the air space of a mine pit
tends to warm up rapidly when insolation is intense,
while cold air tends to accumulate in it when insolation is
low or missing.

All these circumstances significant affect technical
and hygienic conditions of mine operation. The larger tem-
perature fluctuation in the pit than on natural surfaces
may reduce the reliability of machines operating in the
pit, while the reduced quality of stagnant air may raise
hygienic problems. A high concentration of solid pollu-
tants and gases released from deposits previously situated
at greater depths and exposed by mining activities, is an
additional pressure along with extreme temperature
changes (fig. 1).
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2. When mining activities are ceased, pit surfaces are
usually left behind without treatment. An open or partly-
backfilled mining pit, usually with a pond on its floor
and spoil tips around it, has a topography different from
the initial shape. While the pit modifies microclimate
solely in its own air space, the spoil tips over the previous
surface level can generate a new pattern of air circulation
since they act as obstacles to air circulation (Hildmann &
Wünsche 1996).

This problem deserves a closer investigation for sev-
eral reasons. Most mines in Hungary are opened and op-
erated in areas which are very favourable or at least suit-
able for agriculture because of soil conditions and
meso/micro-climate of the area. When the surface is
modified the value of the agricultural land is affected.
Thus, the locally altered condition of atmosphere is an
important factor influencing the land reclamation op-
portunities and future utilization of a mining area. The
planning of the details of reclamation measures, includ-
ing landscaping, the selection of the optimal vegetation

type and species to be planted, as well as the mainte-
nance of the reclaimed area, requires reliable informa-
tion on the climatic situation and the consideration of
the modified physical conditions of the atmosphere.
Naturally, the figure describes extensive open-cast min-
ing areas since enduring microclimate modifications are
best observable there (fig. 2).

EXAMPLES FROM HUNGARY

In Hungary ca 15,000 quarries and mining pits are
found which are partly landscaped and prepared for any
new function after land reclamation. The above considera-
tions can be illustrated by two examples from Hungary. In
the case of the open-cast lignite mining works at the foot
of the Mátra Mountains (Mátraalja) the significance of the
topic can be underlined and both favourable and un-
favourable consequences of relief transformation can be
demonstrated (Strzyszcz, 1996).

FIG. 1 - Microclimate during mine operation. 1) hotter air; 2) warmer air; 
3) frost; 4) permanent frost.

FIG. 2 - Microclimate after mine closure.
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FIG. 3 - Lignite mining areas in the Mátra foothills.

TABLE 1 - Results from microclimate measurements in the mining pit of
Gyöngyösvisonta

Summer temperatures (clear sky)

daily daily = daily
minimum maximum variation range

(C°) (C°) (C°) (C°)

pit floor at 2 m 12.8-17.5 31.6-39.4 18.8-21.9 0.1-0.8(min)
level 0.1-1.1(max)

near ground 12.7-18.7 31.7-40.6 19.0-21.9

initial surface at 2 m 14.8-20.6 26.8-36.4 12.0-15.8 2.0-3.8(min)
level 3.0-3.1(max)

Summer temperatures (cloudy weather)

daily daily = daily
minimum maximum variation range

(C°) (C°) (C°) (C°)

pit floor at 2 m 13.7-16.5 26.4-31.2 12.7-14.7 0.2-0.9(min)
level 2.6-2.9(max)

near ground 13.5-17.4 26.5-31.3 13.0-13.9

initial surface at 2 m 14.2-19.6 23.8-28.3 8.7-9.6 0.5-3.1(min)
level 2.6-2.9(max)

Winter temperatures (clear sky)

daily daily = daily
minimum maximum variation range

(C°) (C°) (C°) (C°)

pit floor at 2 m -18.8- -3.1 -7.2- -0.3 2.9-11.6 3.9-2.1(min)
level 1.1-1.3(max)

near ground -22.7- -5.2 -8.4- -1.6 3.6-14.3

initial surface at 2 m -16.1- -4.2 -5.0-0.8 5.0-11.1 1.1-2.7(min)
level 1.1-2.2(max)

Winter temperatures (cloudy weather)

daily daily = daily
minimum maximum variation range

(C°) (C°) (C°) (C°)

pit floor at 2 m -1.2-6.1 9.2-11.3 5.2-10.0 0.2-0.4(min)
level 0.2(max)

near ground -1.8-5.7 9.4-11.5 5.8-11.2

initial surface at 2 m -0.2-7.2 11.8-14.3 7.1-12.0 1.0-1.2(min)
level 2.6-3.0(max)

1. The spoil tip accumulated near Abasár (fig. 3) ob-
structs the passage of cold air, ie. the night breeze com-
ing from the Mátra Mountains and creates an artificial
frost pocket. Since the site is located in a traditional
viniculture region with fertile soils from the decomposi-
tion of volcanic rocks and long southern slopes with
high insolation, the adverse change in microclimate hin-
ders the reintroduction of viticulture following land
reclamation.

2. Some kilometres’ distance from there, possible micro-
climate modification was studied during the accumulation
of a spoil tip near Halmayugra (fig. 3). Relying on measured
data, we found a solution which resulted in the smallest al-
teration in local air circulation. Air motion is alleviated
along the valley of the Bene stream, a minor water-course
which flows from northwest to southeast, ie. parallel with
the prevailing wind direction. This situation reduces the
probability of the development of a frost pocket. As a con-
sequence, the site endowments in the small gardens and
farms established in the reclaimed area do not deteriorate
considerably.

Microclimate measurements focused on air tempera-
ture were carried out in Northeastern Hungary, in the
environs of Mining Pit East 2 in the surface mining re-
gion of Gyöngyösvisonta, at the eastern feet of Mátra
Mountains (fig. 3). The measurements were made at the
floor level of the mining pit hole, 80 m below its upper
edge, at 131 m altitude. Air temperature was measured
at 2 m height above the surface and near the surface.
The readings were compared to data obtained at the up-
per edge of the mining pit. The measurements were car-
ried out in every season, in weather situations most char-
acteristic for the given season, both under clear sky 
and during cloudy periods over 4 years (1996-2000) 
in 46 campaigns, each of them covering a full day (24-
hour period). The results obtained are summarized in
table 1.
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CONCLUSION

Meteorological investigations are important both in the
planning and implementation stages of land reclamation pro-
jects. The above examples clearly show that the survey of mi-
croclimatic conditions in open-cast mining areas can be useful
both during the operation of the mine and subsequent peri-
ods when decisions on the further utilization of reclaimed
land are made. Analysis of intricate relationships between
anthropogeomorphology (in this case, landscape transforma-
tion by open-cast mining) and atmospheric physics (modifi-
cations in the properties of the air space in pits) can provide
new viewpoints to be considered in the restoration of semi-
natural environmental conditions in degraded areas and in
the preservation of the ecological value of landscapes.
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