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In my presentation which I have prepared together with my colleague Markus Neumann I want to show you the extent of the heat and drought of 2003 in Austria and some effects of this weather extreme on the forest ecosystem.  
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Overview

 Short description of climate in Austria
 Heat and drought episodes in the 

summer of 2003 in Austria
 Description of sites and measurements
 Some results
 Conclusions 
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First of all I want to give you an overview about my presentation:
I will give you  a short explanation of the most important factors influencing  the Austrian climate.
Then I will characterise the extent of the heat and the drought episodes 2003 in Austria. 
As the next point I will describe the sites and the performed measurements, which we have selected for this presentation.
Then I will show you some of the results of these measurements and
 finally I some of our conclusions.
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Annual mean temperature (1961-1990)
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The Austrian climate is determined by three main factors:
First factor:
Most part of the country is occupied by the Alps.�This  means that there is a large vertical differentiation in temperature from the lowlands in the east to the peak regions in the Alps. Furthermore the Alps are a very effective barrier for air-flows coming from the north or the south.
On this picture you can see the annual mean temperature for Austria for the period 1961-1990. The warmest region is in the east in and around Vienna and around the so Neusiedler lake at the border to Hungary with annual mean temperatures above 10°C. The very cold mountainous regions can clearly be recognized. A relative cold region in relation to its elevation is the so called Waldviertel in the North of he country.
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Mean annual precipitation sum (1961-1990)
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Second factor
Austria lies in the transition area between the Atlantic influenced zone of western Europe and the continental influenced zone in the eastern part of the continent.�For this reason the western part of Austria is more humid than the eastern part, which has on the other side a larger temperature amplitude.
Third factor
The southern and the east part of the country is influenced by cyclones of the Mediterranean sea. This influence can be seen in high precipitation amounts in the very south of Austria and in a second precipitation maximum during the year in the south-east part of the country.
On this picture you can see the highest precipitation amounts in the mountainous regions in the western and southern parts of the country with more than 2000 mm per year and the driest region in the north-east of Austria with less than 500 mm per year.
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Deviation of mean air temperature of August 2003 from 
the long-term average (1961-1990)
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In contrast to these large differences in climate the whole country was affected from the heat of the summer 2003:
On this picture you can see the deviation of the mean air temperature of August 2003 from the long term average (1961-1990). The temperatures were 3 to 6 °C above the normal value.
In June the second very hot month of 2003 (the corresponding picture is not shown) the temperatures were very high especially in the western parts of the country (Vorarlberg and Tyrol). 
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Percentage of the precipitation sum of August 2003 
in relation to the long-term average (1961-1990)
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August 2003 was also uniformly dry throughout the country. You can see it in this picture that most part of the country got only 25 to 75 percent of the normal precipitation sum. The reason for the high amounts in Carinthia (in the south of the country) were very heavy thunderstorms at the end of the month. This does not change the dry character of this month (even in this region).
In the comparable hot month in June 2003 the drought situation was similar. However, in the mountainous regions the precipitation amounts were normal.



http://bfw.ac.at/

Location of the sites
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Our institution, the federal office and research centre for forests (BFW), has several investigation plots where meteorological, hydrological and other forest-ecological parameters are measured. For this presentation we have selected three:
 Murau in the mountainous region,
 Klausen-Leopoldsdorf near Vienna and
 Fürstenfeld in the south east of the country. 
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Description of the sites

Murau Klausen-
Leopoldsdorf Fürstenfeld

altitude 1540 m
1695 m (weather station)

510 m
398 m (weather station)

320 m

annual mean 
temperature 5.1°C 8.8°C 8.8°C

annual sum of 
precipitation 908 mm 804 mm 765 mm

soil type (WRB) Eutric Cambisol Dystric Cambisol Stagnic Luvisol

stand age 110 60 30

stand composition spruce, larch beech birch, spruce, aspen
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These three sites differ in their elevation (from 1540 to 320 meters), soil type and stand composition and age.
The annual mean temperature and the annual sum of precipitation of the sites are also listed here.   
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Measurements on the sites

meteorological measurements

air temperature
relative humidity
global radiation
wind speed
wind direction
precipitation

soil measurements

soil temperature
soil moisture

tree measurements

permanent increment
sap-flow
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On these sites a lot of measurements where done:
Meteorological measurements and measurements of soil temperature and soil moisture on all sites.
In Murau and Klausen-Leopoldsdorf permanent increment measurements with girth-bands and
in Fürstenfeld sap-flow measuremants with the help of the heat field deformation method.
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Monthly averaged soil temperatures
in a depth of 50 cm in Fürstenfeld
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It is evident that high air temperatures must cause high soil temperatures.
You can see this in the picture where the monthly averaged soil temperatures in 50 cm in Fürstenfeld are shown.
We do not have very long time series for our measurements, but it can clearly be seen that the soil temperature in all three summer month 2003 was the highest for the three regarded years 2001-2003 even in 50 cm depth. This means that a large part of the rooting zone was warmer than normal.   
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Precipitation and soil moisture in summer 2003
in Murau
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In the next picture the precipitation amounts and the soil moisture in summer 2003 from Murau is shown. Murau is in the mountainous region of Styria. You can see that the soil moisture drops only about 10 percent from the beginning of the period and that there are several heavy rains with more than 20 mm per day which let rise the soil water content several times.
In June (from Julian days 152-181) there are several days with precipitation so that the very high temperatures do not cause a strong drought in the soil. The soil dries out during July and the first half of August.
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Precipitation and soil moisture in summer 2003
in Klausen-Leopoldsdorf
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Here in Klausen-Leopoldsdorf the level of the soil water content is higher due to the physical soil properties.
In contrast to the situation in Murau the soil moisture in June already drops about 10 percent. After a relative humid July the soil continuously dries out in August due to the lack of precipitation.
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Precipitation and soil moisture in summer 2003
in Fürstenfeld
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In Fürstenfeld south east of Austria the soil water content starts from a high level. Fortunately, the spring was relatively humid so that there was a water reservoir for the hot June which the trees could use.
From the second half of June the soil water content dropped rapidly. After a very heavy rain in the middle of July with almost 50 millimetres, the soil moisture recovered and remained on this level until the end of the month. Similar as in Klausen-Lepoldsdorf there was almost no rain in August so that the soil dried out continuously.
At the end the month the level of the soil water content in 15 and 30 cm remains practically constant. Only in 50 cm a small reduction of the value can be realized.    
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Comparison of ETP (Turc) with sap flow of one 
spruce and one birch tree in June 2003 in Fürstenfeld
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In Fürstenfeld we have measured the sap flow on 11 birch and 9 spruce trees in 2003. I have selected one birch and one spruce tree and calculated the daily sap flow for both trees. In the picture for the month June it is compared with the potential Evapotranspiration. The potential evapotranspiration was computed according the formula from TURC. This formula uses air temperature, relative humidity and global radiation as input variables.
You can see that the sap flow of both (birch and spruce) correspond to the ETP curve. That means that the trees had enough water to transpire according to the atmospheric demands and was not restricted.
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Comparison of ETP (Turc) with sap flow of
one spruce and one birch tree in August 2003
in Fürstenfeld

0

2

4

6

8

10

12

21
3

21
5

21
7

21
9

22
1

22
3

22
5

22
7

22
9

23
1

23
3

23
5

23
7

23
9

24
1

24
3

Julian day

sa
p 

flo
w

 o
f t

he
 tr

ee
 [k

g/
d]

0

2

4

6

8

10

12

E
TP

 [m
m

]

spruce birch ETP TURC-formula

Présentateur
Commentaires de présentation
In August the situation has basically changed. Starting from a high level the sap flow decreases continuously whereas the atmospheric demand (potential Evapotranspiration) remains almost constant due to the high temperatures and the dry air in August. This means that the trees restrict their water loss by closing their stomata.
In general the restriction of the sap flow was more critical in the case of the spruce trees. On some trees (see this picture) no sap flow could be measured at the end of August. The birch trees did not have such a strong restriction. Their sap flow was significant above zero at the end of this month. 
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Standardized diurnal variation of sap flow of 11 
birch and 9 spruce trees for June 2003 in Fürstenfeld
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The difference in the sap flow behaviour between birch and spruce trees is also recognizable in the next two pictures.
In the first picture you can see the mean standardized diurnal variation of the sap flow of all measured 11 birch trees (pink line) and of all 9 spruce trees (blue line). You can see that both tree species show a similar behaviour. A rapid increase in the morning, a relatively broad maximum for several hours and a slow decrease of sap flow in he afternoon and evening.
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Standardized diurnal variation of sap flow of birch 
and spruce trees with and without visible drought 
symptoms in August 2003 in Fürstenfeld
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In August the situation is a little more differentiated.
The birch trees show a similar diurnal variation as in June (with a very broad maximum during the midday hours).
In contrast at least one part of the spruce trees changed drastically their behaviour. Five of nine spruce trees show distinct drought symptoms (yellow line). The daily course of these trees show a midday depression. The other part of the spruce trees do not show this depression but the maximum is by far not so broad than that of the birch trees. 
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Accumulated change of increment of five trees
(2 larch and 3 spruce) in Murau (vegetation period 
2002 versus 2003)
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We have also continuously measured the increment on two sites. Here you can see the results from the mountainous site Murau.
These are the averaged curve for 2 larch and 3 spruce trees. You can see that in 2003 the trees began earlier to grow than in 2002. But on the other hand it stopped earlier in 2003 so that there was no distinct difference in the growth between two compared years.
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Accumulated change of increment of 5 beech trees
in Klausen-Leopoldsdorf (vegetation period 2002 
versus 2003)
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In comparison to the last picture you can see here the accumulated change of increment for 5 beech trees at the low elevation site Klausen-Leopoldsdorf.
Growth starts at the same time in both years. In 2003 the curve is steeper than in 2002 at the beginning of the growing period. But at the beginning of June 2003 the growth stopped, whereas the growth in 2002 continued.
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Accumulated change of circumference of spruce
(12 trees) 2 kilometres from the beech-plot in Klausen-
Leopoldsdorf (vegetation period 2002 versus 2003)
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Not far from the beech plot in Klausen-Leopoldsdorf we have measured twelve spruce trees. Here you can see a drastic reduction in growth when we compare 2003 with 2002.
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Conclusions

 The heat of the summer 2003 was extreme. 
However, the extent of drought was less severe in 
Austria than in the western part of Europe. 

 The soil temperatures reached a very high level due 
to the high air temperatures. 

 The effect of the drought on the soil water budget 
was different on the investigated plots, depending on 
actual precipitation, physical soil properties and the 
soil moisture status in spring-time.  

 Norway spruce seems to react very sensitive to 
drought (visible in a restriction of sap flow and 
growth).
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