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Hydro-Climatic trends — AAR2 on Climate Change
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Osterreichischen Akademie der Wissenschaften: 1-82.

Time series of annual mean air
temperature deviations from the pre-
industrial mean: Global mean, global land
areas, European land areas (bounding box
25 °W —40 °E, 34 °N — 72 °N) and Austria for
the period 1841-2024 (2023 for European
land areas). Note that Austrian data is
based on 7 homogenized stations and that
the global datasets only start in 1850. Thin
lines show annual values (for clarity only
shown for Austria and the global mean).
Thick lines are smoothed with a 42-year
LOESS filter. Horizontal lines show the
mean values of the 30-year climate normals
(1961-1990, solid; 1991-2020, dashed)
(Data sources: Geosphere Austria; Auer et
al., 2007; Morice et al., 2021; Chimani et al.,
2024).

Source: Formayer, H., et al. (2025). Chapter 1. Physical and ecological manifestation of climate change in Austria.
Second Austrian Assessment Report on Climate Change | AAR2 - Full Report. Apcc. Wien, Verlag der
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Hydro-Climatic trends — Annual Temperature

Index Value Range
Mean Annual Temp (1985-2025) +0.5°C/decade —
Frost Days J 2-3 days/decade 10-180 days/year
Summer Days (225°C) N 1-2 days/decade 80-150 days/year

Frost days declining - Longer snowmelt season - Earlier streamflow peak

Summer days increasing - Higher evapotranspiration - Reduced recharge season

Warm extremes amplifying - Heat stress on vegetation - Reduced plant water uptake - Altered runoff coefficients
Consequence: Seasonal water availability shifting from winter/spring (snow) to autumn (rain), creating supply-demand mismatch for

agriculture.
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Hydro-Climatic trends — Annual Precipitation

Metric
Mean (1985-2025)
Trend
Wet Years

Dry Years

CV (Coefficient of Variation)
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Value
650 mm

Neutral

16%

Range
522-877 mm
9%

9 years >700 mm

6 years <550 mm

Interpretation
Below historical average
No significant change
1995, 2013, 2023

1989, 2001, 2002, 2018,
2021, 2024

High variability



Hydro-Climatic trends - Neusied|

—e—Water temperature, Neusied|, 08:00 am (1976-2022)
Air temperature, Donnerskirchen (1976-2021)
14 —es—Water temperature, Neusied|, 08:00 am (2000 - 2022)

Mean water temperature, Neusied| (2000-2022) Lake Neusiedl Water Balance

Lake surface temperature (°C)
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Mean annual changes in surface water temperatures of Lake Neusiedl. From 1976 to 2022, the
water temperature has increased by 1.9°C (data source: Hydrographischer Dienst Burgenland,
wasser.bgld.gv.at/).

Dependent on direct precipitation
The lake has little to no groundwater inflow
(hydrologically disconnected)
Water loss is mainly driven by:
* High evaporation rates due to rising
temperatures
* Decreasing precipitation
In 2022, lake level was 10-50 cm below the long-
term average (115.5 m a.s.l.)
Indicates increasing climate-driven water stress

Source: Formayer, H., et al. (2025). Chapter 1. Physical and ecological manifestation of climate change in Austria.

. . Second Austrian Assessment Report on Climate Change | AAR2 - Full Report. Apcc. Wien, Verlag der
VeSCh N A the ratu re ReV| ew Osterreichischen Akademie der Wissenschaften: 1-82. 6



https://wasser.bgld.gv.at/

Why Quantify Reed Transpiration?
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Phragmites australis (Cav.) Trin. ex Steud.

¢ Common Name: Common Reeds
* Habitat: Riverbeds and wet places

e Distribution: Cosmopolitan - Widespread and
worldwide.

Source: htfb‘s://wt‘i}ldfloraonIine.org/taxon/wf0—0000890172

0z N
ECOLOGICAL FUNCTIONS OF REED (Phragmites australis)
@ HaBiTAT @  FILTRATION € NUTRIENT CYCLING @ CARBONSTORAGE ~ (E)) SHORELINE PROTECTION
- Nesting sites Sediment Nand P :l,gzu ctivity Wave

for rails, warblers, trapping, uptake, -C attenuation,

marsh harriers; reduced bioavailable sequestration; erosion

fish nursery turbidity nutrient peat reduction

reduction formation

Source: Image generated by artificial intelligence (Al).
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Why Quantify Reed Transpiration?

— a. TERRESTRIAL ZONE : b. SHALLOW MARSH ZONE : c. TRANSITION ZONE d. OPEN WATER ZONE
Occasionally flooded 10-30 cm water depth 30-80 cm water depth > 80 cm water depth

CANOPY

(above water)

WATER
COLUMN

RHIZOME
NETWORK

(below surface)

Source: Image generated by artificial intelligence (Al).

VeSchN — A Literature Review



A Literature Review

* (Quantitative measurements or model estimates of ET/transpiration

* Studies on Phragmites australis or related reed species

* Research in freshwater wetlands, shallow lakes, or reed-dominated systems
» Studies providing explicit ET values (mm day!, mm season, or equivalent)
* Publication date: 1980-present

Title and abstract screening:
Reviewed ~200 records, identified ~80 potentially relevant studies
Selected:
~35-45 studies with quantitative ET data

VeSchN — A Literature Review 10



What Have Studies Found?

e Study period: 1986—-2025
* - 65% of studies published after 2005
* Geographic coverage: 12 countries across three climate zones
 Temperate (45%)
* Mediterranean (35%)
e Subtropical (20%)
* Measurement scales:
* Plot-scale experiments
* Field-scale installations
* Landscape-scale remote sensing

VeSchN — A Literature Review
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How Do We Measure Reed Evapotranspiration?

1]

EDDY
COVARIANCE

MEASURED
APPROACHES

Measures turbulent fluxes
of water vapor and energy
above the reed canopy.

&
[

BREB
(BOWEN RATIO)

@ < @

Estimates ET using the
Bowen Ratio from
micrometeorological data.

Measures water use by reeds
by tracking water balance
in a controlled soil volume.

LYSIMETERS

Quantifies ET by measuring
changes in humidity within
a closed chamber.
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- %
: L, 0 A(R,-G) (e:-e) ool
Combines energy balance 0.4084(R, -G)+7: m”z("x =t) | Accounts for surface resistance (R, PG I, Simplified energy balance
M 0 D E LI N G and aerodynamic approaches  ET = ( ) and canopy characteristics ET= ( m ) approach using available ET=«a m (R,l -G)
to estimate ET. A+y(1+0.34u in ET estimation. A+y(1+= energy to estimate ET.
APPROACHES ‘ "
> %& SATELLITE UAV THERMAL e
0 (LANDSAT, SENTINEL) » e IMAGING
10% N g (3
Uses thermal and spectral Captures high-resolution
REMOTE data to estimate ET over thermal data to estimate ET LowET
SENSING large reed-covered areas. at local scales.

Source: Image generated by artificial intelligence (Al).
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What Have Studies Found?

EVAPOTRANSPIRATION (ET) TRANSPIRATION (T) CROP COEFFICIENT (K. / Kp) ‘ ﬂl

ET range (mean)

0.1-20.9 mm day™
(typ. 0.3 - 8.7 mm day™)

U

g

T range (mean)

0.2 - 8.5 mm day™
(typ. 0.2 - 6.3 mm day™)

Reference ET,
1.1 -13.7 mm day™’

(seasonal mean)

ET max
up to 20.9 mm day™’

i

U

Annual ET (mean)
400 - 950 mm year™'
(typ. 700 - 950 mm year™")

&  Volume (annual)
160 - 238 x 10°m* a™'
(reported for large reed areas)

Seasonal peak
June - July

U

¢

Annual T Kaifihige
» -1

453 - 1600 mm year 4 é‘:\’} 0.07 - 3.98
(typ. 500 - 1000 mm year~')

(typ. 0.5-2.2)
ET /T ratio
1.03-1.46 Best K. (overall)
e 28y 0.95 (SD)
Night transpiration

Seasonal average
0.57 - 0.95
(KerTrP 0.07 - 1.67)

~1.3 mg dm™? min™'
(~3.1% of daily T)

Flux rates
2 -4 mmol m2s~"

(stomatal conductance) K. highest
Seasonal peak ‘ June - July
June - July

N — =
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Open water / E range
0.00 - 14.9 mm day™
(typ. 0.2 = 12.5 mm day™)

670 - 1100 mm year™

Monthly E
24.7 - 164 mm month™
(typ. 32 - 119.8 mm month™)

Seasonal peak

June - July
(3.25-3.99 mm day™)

Typical mean

5.0 mm day™!
(range 0.00 - 14.9 mm day™")

LAI DENSITY
0,0 Max. LAl Y Average seasonal
3 densi
21-8.9 m2m? 1
(typ. 35 m?m2) 50 - 2501
live shoots m~2
Peak period Typical range
—/ June - July 100 - 2300
(mid-summer) shoots m~2
g Typical values High density stands
2.3-8.5m?m? > 2000
(seasonal mean) shoots m=2

7

Source: Image generated by artificial intelligence (Al).
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Can Reed Management Reduce Water Loss?

1. Reed harvesting/cutting
- Reduces transpiration by 30-50% in first season post-harvest — summer season cut
- Regrowth typically restores ET to 80-90% of pre-harvest levels within 12-18 months
- Potential water savings: Modest (50-100 mm yr!) and temporary
2. Controlled burning
- Winter burns: Similar effects to cutting, with faster regrowth in spring
- Spring burns: Potentially more disruptive; may delay vegetation development
3. Water level manipulation
- Lowering water table: Increases water stress, reduces ET by 10-30%
- Raising water table: Increases available water, may increase ET by 10-20%
- Effects interact with seasonal timing and antecedent moisture
4. Grazing/herbivory
- Reduces LAl and canopy structure
- ET reduction: 20-40% proportional to biomass removal
- Recovery variable (1-3 years)

VeSchN — A Literature Review
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Key Takeaways

1. Reed transpiration is substantial (550-950 mm yr~-1) and dominates water loss (T/E > 1.5)

2. Solar radiation is the primary control across all climates; water availability has threshold effects

3. Measurement method matters: 15-20% difference between plot and field-scale estimates

4. Research gaps limit management options: Quantified management effects are minimal; climate change
responses uncertain

5. Water balance integration is critical: ET quantification essential for lake management under climate change

VeSchN — A Literature Review 15
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