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Abstract. Agricultural land use series are investigated in a plain catchment area of the Tisza
River, almost identically represented by six administrative counties. Each county, commonly
covering 34,000 km?, is characterised by 70-80 % of managed vegetation. Effects of area
coverage variations between the different plants are computed for the period 1951-2000 by
applying results of a literature-based syntheses, specified for Hungary. These studies esti-
mate surface-albedo values and proportion between real and potential evapotranspiration for
the great majority of the plants grown in the region. Product of the plant-specific characteris-
tics and the relative area coverage result in monthly series of surface albedo and real
evapotranspiration. These values are related to the energy balance of the surface-
atmosphere system by using a radiative-convective model adjusted for the given location.
Two questions are investigated and positively answered: i) Are there monotonous trends in
the given terms of the energy and water budget? ii) Are these changes comparable to the ef-
fects caused by other external forcings?
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DIE WIRKUNG DER DOKUMENTIERTEN LANDNUTZUNG AUF DIE ALBEDO
UND DIE EVAPOTRANSPIRATION IN OSTUNGARN

Zusammenfassung. In unserer Arbeit haben wir die landwirtschaftlichen Landnutzungdaten
auf dem Einzugsgebiet der Theip (34 000 Km?) untersucht, das sich auf der grofen un-
garischen Tiefebene befindet. 70-80 % des Untersuchungsgebietes ist angebaut. Die Wirkun-
gen der Gebiets-veranderungen der Pflanzenbedeckung sind mit Hilfe der ungarischen
Fachliteratur zwischen 1951-2000 berechnet worden. Diese Studien geben eine Schatzung auf
die Werte der Oberflachen-albedo, die Verhaltnisse der wirklichen und méglichen Evapotran-
spiration in Anbetreff auf die Kulturpflanzen auf dem Einzugsgebiet. Danach haben wir die
Werte der Oberflachenalbedo, der Systemalbedo und der wirklichen Evapotranspiration mit
Hilfe von den vorgenannten meteorologischen Daten und den Verhaltnissen der Pflanzenbe-
deckung berechnet. Weiterhin haben wir festgestellt, dass diese Werte zu den Ergebnissen
der Energiebilanz des Oberflache-Atmosphare Systems in Beziehung stehen, die mit Hilfe
von dem Strahlungs und konvektiven Modell auf unserem Untersuchungsgebiet berechnet
worden. In unserer Studie suchen wir die Antwort auf drei Fragen: i) Ob wir Monotontrende in
der untersuchten Periode der Energie- und Wasserbilanz finden kénnen? ii) Ob diese
Anderungen mit die Wirkungen vergleichbar und positive beantwortet sind, die durch die an-
deren auferen Zwangen verursacht sind?

Schlisselworte: Landnutzung, Albedo, Evapotranspiration, Klimaanderung, Rickkopplung

1. Introduction

Sunshine radiation absorbed by the Earth-atmosphere system is about 240 Wm™2
The greenhouse effect is expected to add about 6 Wm™ by the middle of the 21%' century
(IPCC, 1996). Consequently, recent and future climate change forcing considerations are
based on calculations originating from 1 % change of the energy balance. This is a very little
number compared either to measuring accuracy of most environmental physical parameters,
or to relative error of model calculations. Hence, it is worth studying various external factors
and feedback mechanisms which might influence climate (CLIVAR, 1998).



One set of the possible feedbacks can be focused by vegetation. Role of plant cover
has already been mentioned in the literature since the 1970’s, when two possible ways of
surface modification, namely overgrazing in the subtropics and devastation of rain forests
were counted to be potential causes of the global climate change (Charney et al., 1977; Sa-
gan et al, 1979). Both changes express their effect on climate through the light-reflecting ca-
pacity of the surface, i.e. its albedo.

A likely biological feedback was found in two steps for Hungary. Mika (1988) estab-
lished statistically that during the last 100 years, the 0.5 K hemispheric warming had been
accompanied with 0.5-0.8 K temperature increase, 7-14 percent decrease of precipitation, 20
% increase of sunshine duration in the summer half-year. These changes correspond to ca.
60 % increase in frequency of dry months (i.e. soil moisture content < 30 % of field capacity)
and to 8-10 % increase of global radiation at the surface.

In relation to these local changes, three possible feedback mechanisms, connected to
surface albedo modifications, were quantified. These are the longer vegetation period, the
less precipitation and the adequate alterations in the managed vegetation, all induce in-
crease of the surface albedo. Characteristic albedo values are taken from an independent
climatological synthesis of local albedo measurements (David, 1985). In a study (Mika et al.,
1992), the sum of these feedbacks was assessed to be -0.7 Wm™ presuming changes in
vegetation cover due to regional consequences of 0.5 K global warming in Hungary. This
value is comparable to the radiative forcing of 100 ppm CO; increase.

The present study is aimed to analyse the effects of registered changes in the man-
aged vegetation on evapotranspiration and surface albedo. Sect. 2 describes the methods of
computation for evapotranspiration, surface albedo and short-wave radiation balance of the
earth-atmosphere system perturbed by changes of vegetation. Sect. 3 introduces the investi-
gated region in East-Hungary and the experienced changes of vegetation between 1951 and
2000. Sect. 4 shows the results of computed changes in the physical parameters described
in Sect. 2, also those compared to changes hypothetically caused by other factors. Limita-
tions of these computations, in respect to general comparison of these regional processes to
the regional effects of the global ones, are discussed in Sect. 5.

2. Estimation of evapotranspiration and albedo
2.1 Evapotranspiration

Evapotranspiration of natural surfaces cannot be measured directly; it should be as-
sessed by calculation, first step of which is to determine the potential evapotranspiration,
ET,. The real evapotranspiration is influenced also by available water capacity of the soil and
by transpiration capacity of plants. In our computations, the former effect is expressed by the
relative soil moisture, w, which is the ratio of actual soil moisture content and field capacity,
i.e. the water of the upper soil layers, available for plants.

Transpiration by plants is determined by the growing season and individual state of
plants, which is considered by the biological constant, B, which is generally less than 1. Ta-
ble 1. shows monthly values of the biological constant for some frequent agricultural plants
(Antal, 1968). These factors of evapotranspiration, from a plant-covered surface, ET, are
connected by the formula (1) (Antal, 1968), where w is the relative soil moisture, B the bio-
logical constant and ET, the potential evapotranspiration (mm).

w+ B
ET 1B w-ET, (1)
Our calculations of evapotranspiration are performed by using five-days averages,
applying biological constants determined by Posza and Stollar (1983) similar to that followed
by Antal (1968). The B plant constants were evaluated for 19 species by field experiments
performed at the Agrometeorological Observatories since the late sixties in Hungary, using
Thornthwaite type compensation lysimeter (Posza and Stollar, 1983).



Table 1. Monthly average values of the B biological constant for
the most frequent agricultural plants in Hungary (after Antal, 1968)

April  May June July Aug. Sept. Oct.

maize 0.00 0.06 031 089 069 0.17 0.00
potato 0.02 0.17 074 090 048 0.08 0.00
sugarbeet | 0.03 0.16 061 094 059 0.24 0.06
alfalfa 032 060 074 086 0.80 0.65 0.33
red clover 048 067 087 083 0.88 0.65 0.29
wheat 0.38 087 092 0.28

barley 0.31 062 093 0.50

oat 0.04 038 086 047

pea 010 054 048

For w the soil moisture data of Dunkel (1994) are used, which are based on monthly
surface water balance computations, considering actual precipitation, temperature and va-
pour pressure. For the calculation of potential evaporation, the empirical regression (2) was
used (Antal, 1968), where a, b ¢ and A are empirical constants, eg saturation water vapour
pressure, r relative humidity, t mean air temperature.

ET,: =afeg(1-nP(1+A1C . (2)

In the followings, sums of evapotranspiration are calculated from long-term of climatic
averages of ET, and w in order to isolate effects of land-use changes on evapotranspiration.
Historical variations of these values, driven by the meteorological anomalies, are introduced
only for comparison in Sect. 4.1.

2.2 Surface albedo

Surface albedo is influenced by the type and state of soils, species of plant cover and
its growing phase. David (1985) synthesised surface albedo values of special literature, es-
tablished according to plants and growing phases. Territory of Hungary can be divided to
some plant-specific regions, according to the temporal differences of growing phases. David
established climatically specific surface albedos for these regions and groups of plants in ten
days’ resolution. Average monthly surface albedo of plants, most frequently raised in Hun-
gary, are listed in Table 2. In Table 2., Region 1 indicates southern part of East-Hungary,
while Region 2 relates to its northern part, differing in average thermal and hydrological
characteristics.

2.3 Radiation balance of the earth-atmosphere system

Change of energy balance, caused by the land use, was determined not only at the
surface but to the surface-atmosphere system, as well. This makes possible to compare en-
ergy changes due to surface modification with primary energetic effects of CO,-con-
centration or aerosols, estimation of which is more reliable at the top of the atmosphere.

For this aim, results of a former calculation (Mika et al., 1993), made by a radiative-
convective model (Prager and Kovacs, 1988), adapted from the Main Geophysical Observa-
tory, St. Petersburg (Karol and Frolkis, 1984), was used, by freezing its convective adjust-
ment and other feedback mechanisms to simulate primary changes of the radiative heating.
The model is horizontally averaged with 16 levels of computation from 1000 hPa at the sur-
face to 0.64 hPa at ca. 60 km from the surface. Step between the levels is 100 hPa in the
troposphere. Internal parameters and astronomical conditions of the model are set for Buda-
pest (47°26' N, 19°17' E). Cloud amount of different layers are from Warren et al. (1985), ad-
justed to local climatology. Low- and medium-level clouds are considered as blackbodies for
long-wave radiation. High-level cloudiness is simulated by 0.5 emissivity coefficient. Aerosol
optical profile is adapted from WMO (1983) considering "continental background" aerosol.



Table 2. Average surface albedo of some plants (after David, 1985)

Region Surface albedo, %
g Apr. | May [ June | July | Aug. | Sept.| Oct.
Wheat
1. 18 | 20 | 33 | 23 | 21
2 18 | 20 | 21 | 23 | 21
Barley
1. 17 | 20 | 21 | 23 | 21
2. 17 | 19 | 21 | 23 | 21
Rye
1. 18 | 20 | 21 | 23 | 20
2 18 | 19 | 21 | 23 | 20
Maize
1. 15 | 18 | 23 | 23 ‘ 24 | 25
2 15 | 17 | 20 | 23 | 23 | 25
Alfalfa
1.82. 23 | 20 | 23 | 22 | 23 | 23 | 19
Potato
1. 15 ‘ 19 ’ 24 | 20 | 18 ’ 19 ‘
2 15 | 18 | 22 | 23 | 19 | 19
sugar beet
1. 14 ‘ 15 ’ 19 | 19 | 21 | 22 ‘ 22
2. 14 | 18 | 19 | 20 | 22 | 22
lawn (meadow, pasture lands)
1.82. 17 | 19 | 20 | 20 | 19 | 20 | 19
forests (in leaf and conifers)
1.82. 14

By this model we determined how surface albedo changes affect the short-wave en-
ergy balance of the surface-atmosphere system, R;. Connection to the system albedo, o is:

AR =-G,-Aa, , (3)

where G, is sunshine radiation at the top of the atmosphere. Dependence of the system al-
bedo on « surface albedo is, with high accuracy, linear (Mika et al., 1992) from which:

Ao, =k-Ac. (4)

Unit change of surface albedo involves k = 0.40 - 0.45 change of system albedo in
the examined seven months. Damped changes appearing at the outer boundary of the at-
mosphere can mainly be explained by the existence of cloudiness and limited transparency
of the atmosphere. The higher coefficients characterise the summer period, when cloudiness
is less and the optical length is shorter.

3. Land use in the East-Hungarian region
3.1 The selected region

The region, selected for the investigation, is the Hungarian plain-water catchment
area of the Tisza River (Fig. 1), for which there was previously made a regional energy- and
water balance model, as well (Mika et al., 1991; 1998). In the followings, this region will be
represented by six administrative counties, called Borsod-Abauj-Zemplén, Szabolcs-
Szatmar-Bereg, Hajdu-Bihar, Jasz-Nagykun-Szolnok, Békés and Csongrad, considering the
fact that land use data are officially published county by county. Natural vegetation of the
Hungarian Plain represents the westernmost extension of this forest-steppe zone in Europe.
This large landscape has always been characterised by high proportionality of managed
vegetation. Recently, 74 % of the total administrative area (34,000 km?) is cultivated.
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Fig. 1. The Tisza River sub-catchment in  Fig. 2. Total sown area of the plant groups in
East-Hungary and the administrative coun-  the six counties 1951-2000, hectare (1 ha =
ties, six of which approximately cover this  0.01 km?)

region (34,000 km?)

3.2 Land use series

In this chapter it is briefly shown, how sown area of the different plants developed in
six examined counties according to the data in the annual reference books of the Central
Statistical Office (1951-2000), and from Historical Statistical Contributions (1971-79). The
relative share of various plants was determined for the period 1951-2000.

The plants are also arranged into five groups, for easier interpretation, but original
plants are used in the computations: cereals - wheat, rye, barley and rice; fodder-plants -
maize, alfalfa, red clover, maize for silage, oat and cattle-turnip; food and industrial plants -
sugar beet, tobacco, sun-flower, potato and fibre hemp; vineyard and fruits; and other: forest
and lawn.

Area of agricultural land use shows clear, decreasing trend in the examined region
(Fig. 2). In computation of area average evapotranspiration and albedo, however, variations
of the total sown area are not considered, since the area-weighted sums will be normalised
by this area, i.e. by the sum of the weights. On the other hand, possible variations at the set-
aside areas are not included into our estimations.

4. Results and comparisons

4.1 Evapotranspiration

Change of land-use slightly increased evapotranspiration with strong fluctuations be-
tween 1951 and 2000 (Fig. 3.). Linear trend of the change was ca. 0.05 mmyr™, with an aver-
age increase of 2 mm for the total examined period (50 years). Between the two extremes of
the curve there is a larger then 10 mm difference, but this is still not a dramatic change, since
average evapotranspiration of the examined 7 months (Apr-Oct) is about 280 mm; that is to
say, relative change is only 1 %.

On the basis of the above-mentioned Eq. (2), total fluctuation of evapotranspiration
influenced by fluctuations of meteorological conditions was counted for the examined period
between 1951 and 2000 (Mika et al., 2001). It could be seen, that inter-annual fluctuation of
the total evapotranspiration exceeded effect of land use by one order of magnitude.

At the same time, there were no any one-way trends observed in the total evapotran-
spiration data sets. In summary of our results on evapotranspiration, it can be said that
change of land use caused clear but little changes in the East-Hungarian region.



4.2 Surface albedo

Surface albedo multiplied with the yearly sown areas of each plant, give time series of
albedo changes caused by changes in land use. The average surface albedo of the six coun-
ties shows decreasing tendency in each month from April to July (Mika et al., 2001).
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Fig. 3. Effect of changes in land use to Fig. 4. Effect of changes in land use to short

evapotranspiration (mm /7 months). wave energy reflected by the surface-
atmosphere system, compared to the mean
of the period 1951-80.

In other words, share of relatively darker plant stocks increased with larger green
mass, giving thicker cover. The situation in August is the same, whereas no clear change
can be established in the two following months. This may be in connection with the fact that
plants, still present in September-October, do not develop any longer.

As it is assumed from the monthly decrease of albedo, regional averages of the sur-
face energy balance increased steadily in the examined term. Trend of the change was
+0.017 Wm?yr"; namely, 0.75 Wm™ as a total during the examined 50 years period. The lin-
ear trend fits fairly tightly to the data set, since value of the correlation coefficient is 0.98.

4.3 System albedo in comparison with other effects

If monthly values of the system albedo are multiplied by astronomically maximum
sunshine radiation, coming to the outer boundary of the atmosphere, then short wave energy
balance of the surface-atmosphere system is received. Energy surplus which remains in the
system, because of the decrease of radiation energy reflected by the surface-atmosphere
system (Fig. 4.), is +0.010 Wmyr"; namely, 0.5 Wm™ as a total, during the 50 years.

In order to demonstrate the importance of this value, it should be noted that global at-
mospheric CO,-concentration has only shown 1.5 Wm™ virtual increase per year since the in-
dustrial revolution. If the effect of concentration changes (from 310 to 357 ppm) is calculated
by using a simplified zero-dimensional global model, parameterised from the experiments of
recent (IPCC, 1996; p. 298, Table 6.3) GCMs, a smaller change is obtained: +0.9 Wm2,

Change of albedo becomes more important, if it is considered that the same change
of CO,-concentration, in relation to the average global long wave energy balance per year,
has somewhat less effect in the summer in Hungary. The ratio, established by using the
above radiative-convective model, is about 77 %; namely, the effect of change in CO,-
concentration in Hungary during the examined 50 years period was only + 0.7 Wm™. Conse-
quently, changes of land use between 1951 and 2000 caused more than half as much
change in the energy balance of the surface-atmosphere system, than those of CO,-
concentration.



It is worth calculating, how much is the effect of the 2 mm increase of evapotranspira-
tion to heat release from the surface. Considering the fact, that evapotranspiration of
1 kg water needs 2,470 J energy, and the total 214 days of the examined seven months cor-
respond to 18,489,600 seconds, this 2 mm evapotranspiration surplus deprives 0.25 Wm™
energy of the energy balance of the surface. This value is of similar magnitude with that of
change of CO,-concentration, detected during the examined 50 years period. Nevertheless,
energy surplus used to evapotranspiration expresses only a minor contribution to modifica-
tion of temperature at the different altitudes.

5. Discussion

The above calculations determined effect of changes in land use to evapotranspira-
tion and albedo. These computations mixed fairly exact, in situ data on land use with gener-
alised average physical parameters on albedo and biological constant of vegetation.

This might arise the question if the latter errors of estimation can influence the final
conclusions, based on small differences of albedo and evapotranspiration. Although, it is
rather difficult to quantify this effect, one may note that all annual values came from weighted
averages of 20-25 different plants and that the parallel response of vegetation is plausible:
the more heat income is compensated by enhanced evapotranspiration.

These effects of land use were compared to the components of the energy and water
balance. According to these comparisons, it could be established that, for the region of East-
Hungary (34,000 km?), changes due to land use were of the same magnitude with those of
energy and water balance occurred in relation to the global climate change.

However, the question: whether or not changes in land use could produce that of re-
gional climate (temperature, precipitation, etc.) with similar magnitude, could not be an-
swered. To this, temporal change of land use should be known for a much larger region, as
climate of Hungary is function of the energy- and water balance of a far larger area (this con-
nection is less tight if the territory increases). That is to say, heat- and water balance strongly
depend on horizontal transport of temperature and water vapour. Intensity of this procedure
is, at first approach, directed by horizontal (spatial) differences of these two elements (tem-
perature and water vapour). For this reason, if temporal change of the balances can be de-
tected only at us, and not in the neighbouring regions, then this change is spread by the hori-
zontal exchange on a well larger area.

In other words, the above result according to which changes of land use in East-
Hungary in the last decades increased surface energy balance considerably but decreased
water supply can be utilised if, together with similar examinations of the neighbouring coun-
tries, it might be built in a regional climate model.
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