Low-Flow Conditions in the Rhine basin -
Developments in the 20th century




Das Rheineinzugsgebiet
Le basin du Rhin
Stroomgebied van de Rijn
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Ag, ~197.000 km?
~ 58 Mio. inhabitants

9 riparian countries

river length: ~ 1320 km

primary flow parameters near
the mouth:

NNQ~ 600 m?/s
MQ ~ 2.500 m?¥/s
HHQ ~ 12.000 m?/s
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Results concerning low-flow development
are excerpts from the more comprehensive report
of the KHR/CHR-project
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Gewiisserkunde /

During the 20th century:

River Rhine - Running...

...slowly out of water
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* Low-flow extremes: trend-dynamics in the 20th century
e Underlying framework and processes

* The role of glacier-decline

* Special anthropogenic impacts: The ,,Neckar-example*

e Changes in the times of occurence of low flow-extremes

* Regional patterns of low flow dynamics
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Low-flow extremes: trend-dynamics in the 20th century

NM7Q
»the lowest arithmetic mean of streamflow over

7 consecutive days within

a given time interval (year, half-year)“
(DVWK, 1983)

Trend

wMinimum-square* method

Test of trend-significance
Mann-Kendall

- discoverer‘s level*“: 80%

- o validation level*“: 95%
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Low-flow extremes: trend-dynamics in the 20th century

Period 1901 - 2000 NM7Q
Year Winter Summer
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Underlying framework and processes

Nival (= snow-dominated) regime
of mountainous areas, very wide
range of amplitude, single-peak,
maximum in summer due to
snowmelt, frost-inducted

minimum in winter
| |

Pluvial (= rain dominated) oceanic
regime, wide range of amplitude,
single-peak, maximum in the mild
rainy winter months, minimum in
summer resulting from intensive
evapotranspiration
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Balanced pluvial mixed regime
(“complex regime 2nd order”) of
the rain-snow type, two-peaks,
with the main maximum in late
winter and a minimum in autumn

\% M M Ml

= Trier ==|lanz ==KoIn
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Underlying framework and processes

Hydrological Winter Hydrological Summer

— LT_o_Basel — LT_U_Basel — LT_Rhein — LT_o_Basel — LT_U_Basel — LT_Rhein
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Underlying framework and processes

Period 1902 - 2000 SumhN
Year Winter Summer

Lobith ] el ) |
Rees |l )
Koln | el )
Andernach e I
—Mosel| e
Kaub | el ) |

Main Wirzburg | _ il el () |

|

GO N I—

Basel L — | el O |
Untersiggenthal(1905) Aare | 0 1 0 ]
Mellingen(1905)/Reuss O
Rekingen (1905) 0 1 ]
Andelfingen(1905)_Thur 0 1 0

Edecreasingtrend 80% significance __——"_] increasing trend

decreasing trend 95% significance - e increasing trend
) decreas. tendency no significance (+) increasing tendency

BELZ: LOW- FLOW CONDITIONS IN THE RHINE BASIN - DEVELOPMENTS IN THE 20th CENTURY ¢« KHR WORKSHOP, 25.-26.09.2007



Underlying framework and processes

P increase of cumulative winter precipitation

P changes in the form of precipitation (“more rainfall, less snow”) lead to
a higher rate of direct runoff and a smaller portion of snow-storage

P some results indicate basin-wide increase of real evapotranspiration

P in the more southern part of the catchment therefore pluvial
elements have been gaining in importance, thus weakening the
nival main component of the flow regime of the River Rhine, all-in-
all causing seasonal redistributing of runoff

P in the more northern part of the catchment primarily the winterly
runoff-component has been strengthend
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Underlying framework and processes

Large Reservoirs in the Rhine Basin

Volume in hm3

Chronologically cumulated capacity of large reservoirs
in the Rhine basin upstream of Basel

Vorderrhein
Bregenzerach

Volume in hm3

-1900  -1910 -1920  -1930  -1940 -1950 -1960 -1970  -1980  -1990
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Underlying framework and processes

P collecting water during surface-water affluence in summer

i P releasing water during frost-induced low-flow-season in winter

(upstream of Basel: ~1,9 Mio. m? p.a. — ~60 m?/s per season)

due to their different functions (water-supply, recreation, energy-
production etc.), more heterogenous storage-regulations and do
therefore not show such identical redistribution-effects.
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The role of glacier-decline

| Gletscher 1850
[ Gletscher 1973

[ Gletscher 2000

Oberalp P. §

Rheinwaldhorn

Tomiil P.

Glacier-covered area

Inventories for the years
1850 (pink), 1973 (light
green) and 2000 (light
blue)

Source:

FRAUENFELDER-KAAB &
MAISCH in: BELZ et al. (2007)
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The role of glacier-decline

Source:

FRAUENFELDER-KAAB & MAISCH in:
BELZ et al. (2007)

Portion
(%)

100.0 7
45.2 . 36 ki G Kkm?* water-equivalent since 1850

24.0 . -/ = ~0 0077 km® water p.a.

= ~1.0700 km? water p.a.

U
~0.7 %

=percentage of MQ related to IGM in the Ilanz sub-catchment (=0.24 m?/s)

(in warm summers up to ~1 %)

P momentary maximum during intensive radiation-days in high summer: ~ 12 m?s
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The role of glacier-decline

Simplistic extrapolation, bas ' ‘o1 € xpaiisie rates only
(not considering glacier-volu) 'F | eltin Faeteristics of glaciers, retention-
effects of the stream-network and lakes, evaporation ete:) >

Glacier-covered area upstrea

Glacier-covered area upstream of Ilanz (total) 20.9 km? (i.e. 1/20)

Melting-contribution at Ilanz (year), 0.25 m’/s
if assigned to the 4 high-summer months: 0.75 m’/s

0.75x20= 15 m?/s
Comparison: mMQ (August): 1270 m?/s
U

percentage of mMQ(August) related to IGM in the Basel sub-catchment: 1.2 %

MOREOVER - A MATTER OF FLOW-REGIME:

, ‘IS NOT CRUCIAL FOR LOW-FLOW DYNAMICS IN THE RHINE BASIN, AS SUMMER IS THE TIME OF
ABUNDANT WATER, NOT FOR LOW-FLOW IN THE ALPINE-RHINE AND HIGH-RHINE SUBCATCHMENTS
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Special anthropogenic impacts: the ,,Neckar-example“
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revised series

Trend (revised series)

identified trend with DWT (original)
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Changes in the times of occurence of low-flow extremes

Period Period Period Period Shift [in
1901-1925 1926-1950 1951-1975 1976-2000
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Regional patterns of low-flow dynamics

> Mitigation of low-flow extremes is most intensive there, where the

winter season is the actual low-flow season, this means in the southern
Rhine basin that is characterised by a nival regime.
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Methode

Pegel Basel/Rhein
Variable NM7Q(j,10,3), Trendberechnung Zeitraum 01.11.1900-31.03.2001
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Regional patterns of low-flow dynamics

P Mitigation of low-flow extremes is most intensive there, where the winter
season Is the actual low-flow season, this means in the southern Rhine basin
that is characterized by a nival regime.

> Conversely, in the pluvial upland- and lowland-regions, where the low-
flow period occurs usually in autumn (regionally in late summer), this
tendency to mitigation of extremes is lacking. Nevertheless substantial
intensification of low-flow extremes (significant trends) usually cannot
be ascerted. Exception: additional anthropogenic impacts.
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Methode

Pegel Lobith/Rhein
Variable NM7Q(j,10,3), Trendberechnung Zeitraum 01.11.1900-31.03.2001
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Regional patterns of low-flow dynamics
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Regional patterns of low-flow dynamics

FQS with M-K (95%) / period 1901-2000

Legend

[ increasing tendency, no significance at 95%-level
B increasing trend, significance at 95%-level

[ 1 decreasing tendency, no significance at 95%-level
I decreasing trend, significance at 95%-level

[ 1 not surveyed subarea of the basin
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Regional patterns of low-flow dynamics

FQS with M-K (95%) / period 1901-2000

Legend

[ increasing tendency, no significance at 95%-level
B increasing trend, significance at 95%-level

[ 1 decreasing tendency, no significance at 95%-level
I decreasing trend, significance at 95%-level

[ 1 not surveyed subarea of the basin
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Regional patterns of low-flow dynamics

FQS with M-K (95%) / period 1901-2000

Legend

[ increasing tendency, no significance at 95%-level
B increasing trend, significance at 95%-level

[ 1 decreasing tendency, no significance at 95%-level
I decreasing trend, significance at 95%-level

[ 1 not surveyed subarea of the basin
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Regional patterns of low-flow dynamics

FQS with M-K (95%) / period 1901-2000

Legend

[ increasing tendency, no significance at 95%-level
B increasing trend, significance at 95%-level

[ 1 decreasing tendency, no significance at 95%-level
I decreasing trend, significance at 95%-level

[ 1 not surveyed subarea of the basin
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Regional patterns of low-flow dynamics

FQS with M-K (95%) / period 1901-2000

Legend

[ increasing tendency, no significance at 95%-level
B increasing trend, significance at 95%-level

[ 1 decreasing tendency, no significance at 95%-level
I decreasing trend, significance at 95%-level

[ 1 not surveyed subarea of the basin
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Regional patterns of low-flow dynamics

FQS with M-K (95%) / period 1901-2000

Legend

[ increasing tendency, no significance at 95%-level
B increasing trend, significance at 95%-level

[ 1 decreasing tendency, no significance at 95%-level
I decreasing trend, significance at 95%-level

[ 1 not surveyed subarea of the basin
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Regional patterns of low-flow dynamics

FQS with M-K (95%) / period 1901-2000

Legend

[ increasing tendency, no significance at 95%-level
B increasing trend, significance at 95%-level

[ 1 decreasing tendency, no significance at 95%-level
I decreasing trend, significance at 95%-level

[ 1 not surveyed subarea of the basin
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Thank you for your
kind attention !
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