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- Introduction - The Study Area

The Carpathians is one of the most extensive mountain
ranges of Europe stretching from Czech Rep.,Slovakia
Poland, Austria to Serbia. And the Polish Carpathians
cover an area of approx. 19,600 km? and they are
almost 300 km long (in W-E direction) and 60-70 km
wide (in N-S direction).

The northern border is estimated to be at approx. 50°N.
The Polish Carpathians are placed in the hypsometric
range, starting 300 m above sea level rising to almost
2500 m a.s.l. (the Rysy peak) and in this mountain
range forest and grassland prevails, meadows and
pastures dominate on sites above an altitude of 550-600
m a.s.l.
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Fig. 1. The geomorphological regions of the Polish Carpathians within the Upper
Vistula River basin [STARKEL, 1991]



Table 1. The climatic vertical zones distinguished according to the
mean annual air temperature zones - comparison between the
Carpathians and Eastern Alps.

Tlf_\e i Mean annual air temperature [An altitude above see |An altitude above
climatic _
vertical T. and corresponding level for the Western|see level for the
zones vegetation zones: Carpathians [m] Eastern Alps [m]
Very cool| O to 2°C - dwarf pine 1 850-1.450 3 050-1.730
zone zone ! ! ! !
Cool zone upper forest 1 450-1 150 1 730- 1,400
zone

Moderate 4 to 6°C- lower forest
cool zone zone -Zakopane Ski

Resort, (844 m) 1,150 — 650 1,400-920

-Koniakow vilage (740 m)
Moderate
warm zone: | 6 to 8°C - foothill zone- |from 650 m to 920 - 400

Krakéw Airport- 237 m reciglle

Cold zone: -4 to -2°C, moderately cold zone , -2- to 0°C , the Kasprowy Mt,

(1,991 m)

From : Prof M. Hess (1968)




Water consumption or evapotranspitation

is the sum of two terms;

transpiration, which is water entering plant roots and used to build plant
tissue or being passed through leaves of the plant into the atmosphere,
and evaporation, evaporating from adjacent soil, or from the surfaces of
leaves of the plant.

Various methods have been used in the Polish Carpathians to determine
the amount of water requirements of agricultural crops and natural
vegetation.

The main methods are: lysimeter experiments, (e.g. the ITP Jaworki
station), field experimental plots and soil moisture studies, inflow-outflow

for large areas .



The significance of potential evapotranspiration - climatic
observations as an index to consumptive use of water
(evapotranspiration)

The potential evapotranspiration, introduced by Penman
(1948) and Thorntwaite (1948), is defined as “the
amount of water transpired in unit time by a short green
crop, completely shading the ground, of uniform height

n
under no water shortage

How temperature,humidity, velocity, vapour presure and
solar radiation influence evapotranspiration has been
studied by several researches:

Dr.Howard Penman at the Rothamsted Experimental Station in
England has made the most complete analysis, also, Thornthwaite,
Blaney-Criddle, (USA) . In Poland, the Bac, Budyko, Turc Matul and
Konstantinov methods were used



The Penman theory, which is the most complete approach
contributed greatly towards a better understanding of the
process of evaporation.

However, the use of the Penman equation - in the original
form (and its modifications used in Poland e.g Brochet,
van Bavel) was limited to calculation of vapotranspiration

of well-watered short grass, (turf, airfield )



Therefore, the FAO Expert Consultation on Revision of FAO
Methodologies for Crop Water (May, 1990) recommended :

The adoption of the Penman-Monteith combination method
as new standard and advised on procedures for calculation of
the various parameters.

And the reference crop was defined as a hypothetical crop
with an assumed height of 0.12 m having a surface
resistance of 70 s m! and an albedo of 0.23. These

assumptions are similar under conditions of ruminant grazing
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Fig. 2 Comparison between evapotranspiration estimated using
NOAA Satelite —~AVHRR data ( National Ocenic and Atmosheric
Administration-Advanced Very High Resolution Radiometer) and data
from meteorological stations (using FAO Penman-Monteith equation)
— From A. VIDAL et. al. 1999, FAO IPTRID, CEMAGREF



ODbjectives :

The objective of this paper was to determine water requirements and climatic
water balance of meadow and pasture swards in the Polish Carpathians by
applying the FAO Penman-Monteith method, FAO-56, (Richard Allen, 1998 : Utah
State University, — L. S. Pereira, Instituto Superior de Agronomia, Lisbon, D. Raes,
Katholieke Universiteit Leuven, M. Smith FAO (Wageningen University)

This objective was achieved through:

e estimation of reference evapotranspiration (£70) and climatic water balance
(P-ETo0);

e elaboration of spatial distribution (maps) of E7oand P - E7¢;

o determination of crop evapotranspiration (E7c) for pastures in the Polish

Carpathians.



Material and methods

Penman- Monteith ( FAO-56) — [ Richard G. Allen, Utah State
University,1998, et al. ]

_ 900
0.408A K —Gli+y ——lyle, —e, |
ET{,. _ I+ 273
A+ yil+0.34, |

where :

ET, = reference evapotranspiration [mm day],

R, = net radiation at the grass surface (measured or estimated) [MJ m day],
G = soll heat flux density [MJ m2 day], T = mean daily air temperature at 2 m
height [°C],

u, = wind speed at 2 m height [m s],

e, = saturation vapour pressure [kPa],

e, = actual vapour pressure [kPa],

e, - e, = saturation vapour pressure deficit [kPa],

A = slope vapour pressure curve [kPa °C-1],

y = psychrometric constant [kPa °C-].



The monthly data were used from 43 (83) meteorological
stations of the Institute of Meteorology and Water Management in
Poland and included:
Maximum and minimum air temperatures, actual vapour pressure,
wind speed at 2 m above the ground level and actual duration of
sunshine.
The climatic stations cover an area of the Carpathians within the
Upper Vistula River basin.

The obtained results on a monthly basis were synthesised
In form of tables and maps of mean seasonal values (May-
October) from the period 1990-2005.
Maps of isohyets and isolines were elaborated by applying the
Geographic Information System techniques (Arc View 9) with
Interpolated data by the geostatic method (Kriging).
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Fig. 3 Polygons in the Upper Vistula River basin applied for the estimation of crop
potential evapotranspiration



Ecrop €vapotranspiration
(FAO-56)

Relations between the crop evapotranspiration ET. and reference
evapotranpiration ETo were established and expresses by the equation;

ETc = Kc « ETo , where : ET, = reference evapotranspiration [mm day-1],

Penmana Monteitha [mm « d-1]

The ranges the Kc coefficients (depending on growing stage) are recommended by
ALLEN ET al. (1998)

-clover hay - (0.40* - 0.90)

-rye grass hay — (0.95-1.05)

-alfalfa hay — ( 0.40* - 0.95)

-grazing pasture - rotated grazing- ( 0.40*-1.05)

-extensive grazing- (0.30*- 0.75)

-turf grass - cool season- (0.90-0.95)

* Values at the initial stage of the growing season.
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Fig 4. An example of the course changes of crop coefficient K¢ for the estimation
of crop potential evapotranspiration ET,: n — duration time of phenological stages,
stage | — initial stage; stage Il — crop development stage Il — from attainment of full
and effective groundcover to the beginning of maturation (midseason); stage IV —
from the end of the mid-season stage until harvest [DOORENBOS, PRUITT FAO
1977; ROGUSKI, SARNACKA, DRUPKA, 1988]



RESULTS AND DISCUSSION

Jarostaw

550
Rzeszd ‘
]
i

540

Zarnowa

LSkocz o
N -,
Cieg?y

/)-I = : u‘ a Ay R0z

i
Kleftandrpwice

': Efka Gamna

2 meteorological stations

2% date border

e [V Ers

Fig. 5 Map of the Polish Carpathians showing isolines of average reference
evapotranspiration (ETo, mm), according to the FAO-56 Penman-Monteith method
during the period May—October from 1990 to 2005.
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Fig 6 Map of the Polish Carpathian showing isolines of average climatic water balance
(P-ETo, mm) - water surplus and deficit - during the period May—October from 1990 to
2005.



Table 1. Average seasonal climatic water balance (May-October) for pastures in the
Polish Carpathians, (£70)reference evapotranspiration, (E7p),crop evapotranspration-

pastures (E7c=Kc ETo), P- precipitation

Average climatic water balance of the
Location
Meteorological Altitude, mountain pastures (mm) (May-October)
station m a.s.l. |Latitude|Longitude
ETo ETc P P-ETo P-ETc
[0) A
Dobczyce 300 490 52" 20°04" 488,4 366,3 5114 23,0 145,1
Jaworki —=ITP 600 4925 2030 462,3 346,7 602,9 140,6 256,2
Istebna - Kubal. 780 4936 1854 4384 328,8 727,8 289,4 399,0
Obidowa 805 49 32 1958 442,2 331,7 601,2 159,0 269,5
Zakopane 857 49 18 1957 432,99 324,7 7749 342,0 450,2

Leskowiec 870 4948 1927 453,1 3398 /01,0 2479 361,2




Table 2 Pearson’s r correlation coefficient estimated in a complete test of
climatic water balance data — averages from the period of 1990-2005

Precipitation

Altitude, min the winter
Balance element a.s.l. half year
Precipitation — summer season (V-X) 0,801t 0,848t
Annual precipitation water year (XI-X) 0,781t 0,953t
ETo- reference evapotranspiration (V-X) -0,826% -0,552%1
ETo- reference evapotranspiration (XI-X) -0,768% -0,498%
(P-ETo) - summer season (V-X) 0,856t 0,814t
(P-ETo) — water year (XI-X) 0,838t 0,920t

P — precipitation, ETo - reference evapotranspiration, The results statistically significant (bold characters)
are marked as follows: T — statistically significant at level 0.001; ** — statistically significant at level 0.01; * —

statistically significant at level 0.05. p — probability of obtaining given value of test statistic assuming HO.



e Figures 5 and 6 illustrate the result of this work. The obtained
maps allow us to characterise the reference and the potential crop
evapotranspiration in the Polish Carpathians.

e The spatial distribution of mean reference evapotranspiration
(ET70) in the summer season (Fig. 5) shows that it increased from
a minimum of 433 mm at Zakopane (Tatra Mts) to reaching
maximum of 538 mm at Bielsko-Biata (Beskid Zachodni Mts).

e (limatic water balances (FP£E70) are characterized by great
spatial differences; they are in a range from 6 to 343 mm and they
did not reach negative (deficit) values in the Polish Carpathians.

e The highest precipitation surpluses (#£70) occur in the peak
areas of the Beskid Zywiecki Mts. and in Polish Tatras (Zakopane
342 mm).



The equilibrium isoline between precipitation and reference
evapotranspitation (P=ETo) runs along the border between the
Carpathians and the Valleys.

Therefore, it can be concluded that the Carpathian Mountains, as
compared with lower parts of Poland, are very favourable for the
grassland production.

Analyses of spatial distribution of ETo and P, as well as of (P —
ETo) in summer showed a good relationship with elevation above
sea level (h). For example, the climatic water balance correlated
with elevation h in m gave following regression

(P —ET,) =0.63h — 216.19 with R2 = 0.732



Conclusions

Studies have shown that the FAO-56 Penman-Monteith method
which was applied in the Polish Carpathians facilitated
computation in a reliable way reference (£70) and potential crop
evapotranspiration for grasslands (meadows and pastures ) E7c¢
using readily available computer programs FAO-PM

Furthermore, in relation to the previous calculation formulae,
which were applied in the study area, (e.g original Penman
equation) the method makes up a successive stage in gathering

data of the components of climatic water balance.



The maps of isohyets and isolines which were calculated can
be used for an evaluation of the water balance of grasslands,
particularly in situations when there is a lack of direct
measurements. (e.g Nitrate Directive)

Linear regression between elevation above sea level and
analysed climatic water balance components (May-October)
were significant (R2 > 0.7). This relation can be applied for
assessment of mean values in the Polish Carpathians when
there is a lack of weather observations. It also can be

cartographied for climates classification.
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