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Study site 

Central Bohemian Forest  

(Czech Republic/Germany)  

Study area: 1156 km² (511 km²/645 km²) 

Elevation:   440 - 1456 m a.s.l. 

Bedrock:     magmatic and metamorphic  

9 catchments (2/7) 

 

  39 - 334 km² 

  73 - 90% Forest 

      ≥ 70% Norway spruce 

    0 - 93% National Park 

   runoff: 549 - 1011 mm 

              (746/860) 

    

3 sub-catchments (1/2) 

 

  0.7 - 89.7 km² 

    ≥ 90% Forest 

    > 70% Norway spruce 

     100% National Park 

    runoff: 1000 - 1228 mm 

 

 

 

20 precipitation stations 

               (6/14)  

     (810 - 1766 mm) 

 

  6 climate stations (2/4)  

     (3.5 - 7.4 ˚C) 
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Data sets (1978 – 2013)   

    Hydrology (runoff Q) 

       daily records from Gewässerkundlicher Dienst Bayern (GKD), Umweltbundesamt (UBA) and ČHMÚ 

     Meteorology (temperature T, precipitation P, snow cover S, relative humidity r.h.) 

         daily and monthly records from Deutscher Wetterdienst (DWD), Bayerisches Landesamt für Umwelt (LFU),  

         Bayerische Landesanstalt für Wald und Forstwirtschaft (LWF), Nationalpark Bayerischer Wald (NP BW) and  

         Český hydrometeorologický ústav (ČHMÚ) 

Data 

  Vegetation cover 

     areal extent of impacted spruce forests from annual CIR pictures (NP BW and Národní park Šumava (NP Š)  

        Check on completeness, gap-filling (<1% of  monthly P) 

        Test on autocorrelation in Q („acf“, R 3.1.3),  

        Test on homogeneity, breakpoints and step changes in Q and Q/P series (ANKLIM, SegReg)   

         Application of a Linear-mixed effect model (catchment caracteristics, meterological drivers) on Q („LME“, R 3.1.3) 

         Time series analysis of meterological and hydrological metrics (Mann-Kendal and Regional Kendall Test) 

Data preparation and statistics 
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Drivers of hydrological response (9 catchments & 3 sub-catchments) 

Parameter Sum Minimum Maximum Sum Minimum Maximum

(Intercept) 3.4 -1.1 0.1 3.1 -1.6 -0.6

T (°C) 28.2 22.4 18.5 -6.2 -1.9 -11.9

P (mm) 21.0 3.9 29.8 31.6 7.2 49.8

Area (km²) -0.7 -0.5 -0.8 -0.9 -0.6 -1.2

Ø elevation (m a.s.l.) 0.7 -0.1 1.3 1.1 0.6 1.3

Forest (%) 0.9 1.6 0.1 1.1 1.4 0.5

National park (%) -0.6 -0.8 -0.1 -0.2 -0.8 0.8

Ø slope (°) -0.3 -0.7 -0.3 -0.3 -0.8 0.0

R
2
c 0.39 0.34 0.37 0.40 0.34 0.56

Winter Summer

LME model explained 34% - 56% of variation in the hydrological catchment response.  

 

Precipitation (P) was the main positive driver of seasonal runoff yields and maxima. 

 

But temperature (T) was a comparable strong positive driver in winter:  

warm means wet air masses and/or snow melting. 

 

In summer, T exerted a smaller, but negative effect:  

warm mostly means dry and evaporative. 

 

No influence of physical site conditions and land use characteristics (scores −2 ≤ 0 ≤2)! 
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Changes in runoff and its seasonal distribution (1978-2013)  

Annual runoff changed in all 9 catchments by  -59 mm;−58 mm (CZ) and −55 mm (DE). 

This change is due to the change by -70 mm for the whole summer, -58 mm from the May to July period  

and -47mm in May alone. 

All monthly streamflow changed negatively and all catchments behaved the same. 

 

In winter, streamflow remained unaltered (8 mm) in the whole study area and in both parts. 

Period change p <

Nov 6 0.10

Dec -22 0.001

Jan 2 0.71

Feb 6 0.12

Mar 24 0.001

Apr -9 0.36

May -47 0.001

Jun -5 0.28

Jul -7 0.07

Aug -8 0.02

Sep -4 0.19

Oct -2 0.35

1978 - 2013 

Maximum daily runoff increased slightly in March and April  

Minimum daily runoff didn‘t change 

See also:  

Bernsteinová et al.2015 
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Change in precipitation (1978-2013) 

Precipitation yields remained unaltered on annual basis (+3 mm), but  

significantly increased during summer (Ø +51 mm, 17 out of 20 stations increasing) 

significantly decreased during winter (Ø -54 mm, 19 out of 20 stations decreasing) 

Changes in CZ are a bit more positive (less negative) than in DE 
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Warming in all seasons, in all summer and 4 winter months, 

from April to August by 3.4 K – 1.9K.  

Change in temperature (1978-2013) 

Period mean sd 

Nov - Jan 1.1 0.2 

Feb - Apr 1.7 0.2 

May - Jul 1.9 0.2 

Aug - Oct 1.2 0.4 

Winter 1.3 0.1 

Summer 1.5 0.3 

Year 1.5 0.2 

Higher temperature means higher evapotranspiration (PET): 

+44 mm at Churáňov CZ, +65 mm at Waldhäuser DE 

and less runoff 
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Altered snowfall and snow cover dynamics (1978-2013) 

Warming in January, February and April  

accelerated intermittent and final snow melt.  

It shifted the last day of snow cover period by 3 – 6 weeks 

towards DOY 1, across all altitudes (n = 33, 769 – 1347 m a.s.l.) 

Even moderate warming (0.5 K -> 1.5 K) reduces 

the percentage of the solid phase on precipitation 

from 63% to 20% (Schachtenau, 2008 – 2013)  

Warming in Winter changes the precipitation 

phase partitioning.  
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Altered recharge and discharge timing 

      Groundwater recharge and runoff partitioning shifted towards winter 

      Groundwater discharge and runoff in summer/autumn are decreasing 

 Municipal water supply (from springs) already becomes 

complex, but costly surface water will close the gap. 

 Vegetation may increasingly come into drought stress towards autumn   

 Aquatic biota have to adapt to more frequent or more 

severe low flow conditions - or to run away 

Warming in  late winter and spring changed the intra-annual timing of hydrological processes.  

Available water in soils is running short earlier in the year   
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Summary of climate change effects (1978-2013) 

 Warming drives evapotranspiration and therefore 

the runoff decline (-5 to -10% of long-term mean) 

 Warming drives snow and snow cover dynamics and therefore the  

intra-year groundwater recharge and streamflow discharge partitioning 

Warming matters! 
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Disturbance effects (1980/1992 – 2013) 
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Disturbance effects (1980 - 2013) 

Indicator: runoff coefficient (runoff in % precipitation) 

Upper Große Ohe  

(19 km²) 

Forellenbach (0.7 km²) 

Upper Vydra  

(90 km²) 

No trends in annual runoff  

of all NP sub-catchments,  

but  

a decline in summer  

(like the catchments) 

and an increase in winter 

(unlike the catchments) 

Significant step change in runoff coefficient (1998/1999) 

of Upper Große Ohe and Forellenbach:  

- from 59%/60% to 64% in Upper Große Ohe 

- from 59% to 68% in Forellenbach 

 

Balancing annual water cycle components  

(precipitation – runoff = evapotranspiration) 

before and after the step change revealed:  

- no difference in precipitation 

- (non-significant) increase in runoff 

- significant reduction of annual  

evapotranspiration rate by 60 – 120 mm 
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Disturbance effects: size, spatial and temporal aspects (1980-2013) 

Indicator: runoff coefficient (% precipitation) 

Upper Große Ohe  

(19 km²) 

Forellenbach  

(0,7 km²) 

Upper Vydra  

(90 km²) 

Step change in 1998/1999 coincides with a fast  

increase in bark beetle disturbed area:  

from 5% to more than 30% (1998) over  

just 3 years in both sub-catchments 

30% coincides with threshold values > 20/25% 

disturbed area in scientific literature, given that 

annual precipitation exceeds 500 mm. 

Upper Vydra (Šumava NP) responded differently: 

 

no detectable change in streamflow or runoff  

coefficient in response to 62% disturbed area. 

 
Possible reasons: 

 - timing aspects?  

 - catchment size?  
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Summary and conclusions 

Natural disturbances acted in the opposite way 

 

 In small sub-catchments (<20 km²), large-scale disturbance by bark beetle (~60%) translated into 

decreased evapotranspiration, which exceeded warming effects and thereby increased streamflow! 

 In Upper Vydra (90 km²), disturbance (62%) balanced at least warming effects on streamflow   

 Natural disturbance by bark beetle or wind, generally, is a short episode in the life cycle of our forest 

ecosystems. Eco-hydrological processes change in accordance with it, also cyclic.  

Climate change worked markedly: 

 

 Regional streamflow decreased significantly and in all large catchments (≥ 39 km²); neither 

physiographic features nor vegetation cover issues mattered  

 This decrease is due to the significant rise of air temperature, which is the decisive driver of 

evapotranspiration and of all other eco-hydrological processes we investigated. 

 Warming changed them in quantity and timing, and defined the direction of change.  

Large-scale disturbances in our National parks currently but temporarily are 

beneficial for the water supply to both nature and local people, as they 

compensate for climate change effects without aggravating floods. 
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Thank you 

Burkhard Beudert , 06.06.2018 
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Excursus to the Thaya region (1978-2013) 
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precipitation (9 stations) increased in summer (+93 mm) and on annual basis (+126 mm) 

runoff (5 catchments) increased too, but much less (43 mm) -> evapotranspiration increased 


