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§ Example 2: Water demand of urban green

§ Synthesis

Image Source: WWAP (2018)
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Pluvial flooding in 2007, Ahden, North-Rhine West-
phalia, Germany, Stein et al. (2010)

Abschlussbericht zum Projekt „Untersuchung starkregengefährdeter Gebiete“ 

 

 44 

3. Untersuchungsgebiet Ahden 

Im Gebiet der beschriebenen Abflussschwerpunkte wurden 8 Anwohner befragt. Die Fließwege in 

Abbildung 4.5 wurden anhand der Aussagen der Anwohner und der Feuerwehr rekonstruiert. 

 

 

Abbildung 4.5: Fließrichtung des Oberflächenabflusses und Wasserstand auf der Straße in Ahden, rekonstruiert 

anhand von Anwohner- und Feuerwehraussagen. 

 

Die folgenden Abbildungen zeigen ausgewählte Sequenzen aus dem Videofilm von dem 

Hochwasserereignis am 9. August 2007, der von einem Anwohner erstellt wurde. 

Increase of heavy rainfall, erosion, floods:

à Adaptation needed for the water balance
at the landscape scale

Higher irrigation needs

Sprinkler irrigation in Ticino, Switzerland, 2018

Not enough water
Too much water

Hydrological extremes
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The Sixth Assessment 
Report (AR6) of the 
United Nations (UN) 
Intergovernmental Panel 
on Climate Change 
(IPCC)

Hydrological Extremes and Climate Change

IPCC (2021)
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Increasing storage reliability

Sub-surface Surface Access
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Natural wetlands (lakes, swamps, …) All of the above

Ponds Direct, buckets, pumps

WWAP (2018)
McCartney & Smakhtin (2010)

Increasing storage reliability

(Reservoirs) Dam outlets, pumps, 
off-take towers

Boreholes, deep/ 
shallow wells, etc.

Aquifers

Soil moisture Vegetation

Water storage continuum concept
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Physically-based representation of NbS in models
§ Research question: Quantification of 

flow processes in green roofs with 
varying dimensions (44 setups in total)

§ Methods: Physical model and
numerical modelling, using CMF (Kraft 
et al., 2011):
§ Artificial rainfall: 27 mm/15min (~100 

yrs. return period @ Hanover, 
Germany)

§ Darcy and Richards flow in a 2D 
numerical grid, diffusive wave 
surface flow

Artificial rainfall experiments
0.0 m 0.2 m 0.4 m 19.8 m 20.0 m
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Physically-based representation of NbS in models

Numerical model of green roofs under extreme rainfall conditions (Förster et al. 
2021)
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§ Research question: How to quantify the water 

demand (and irrigation demands) of urban green?

§ Method: Detailed Evapotranspiration (ET) 

modelling coupled to a simple bucket soil water 

balance model

§ Results: Comparison of actual ET and minimum 

requirement for various types of vegetation

Water demand of urban vegetation

LEAF/CANOPY

LITTER

SOIL

!
PRECIPITATION &
POTENTIAL EVAPO-
TRANSPIRATION

SNOW

ACTUAL EVAPO-
TRANSPIRATION

GROUNDWATER

SURFACE RUNOFF
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Water demand of urban vegetation 2017: Above average rainfall

Street trees (n=6) 
Park trees (n=4) 

Future trees (n=2) 
Shrubs (n=2) 

Shrubs (dry) (n=1) 
Perennials ("normal") (n=1) 

Perennials (drought resistant) (n=1) 
Turfgrass (n=4) 

Façade greening ground (n=4) 
Façade greening wall (n=1) 

Roof greening intensive (n=1) 
Roof greening extensive (n=2) 

Retention roof (n=1)

Rainfall, evapotranspiration (summer season)

2018: dry year
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§ Very likely that hydrological extremes will become

more intensive and more frequent due to climate

change

§ NbS-based Hydrological storage is key for adaptation; models are good tools for planning but 

better quantification of fluxes, especially evapotranspiration needed

§ Outlook: climate services with different lead time (from weather forecasts to projections) 

provide important information for water management and related policies

Synthesis

960

Chapter 11 Near-term Climate Change: Projections and Predictability

11

Climate projection
A climate projection is a climate simulation that extends into the future based on a scenario of future external forcing. The simulations 
in Box 11.1, Figure 1 become climate projections for the period beyond 2005 where the results are based on the RCP4.5 forcing scenario 
(see Chapters 1 and 8 for a discussion of forcing scenarios).

Climate prediction, climate forecast
A climate prediction or climate forecast is a statement about the future evolution of some aspect of the climate system encompassing 
both forced and internally generated components. Climate predictions do not attempt to forecast the actual day-to-day progression of 
the system but instead the evolution of some climate statistic such as seasonal, annual or decadal averages or extremes, which may 
be for a particular location, or a regional or global average. Climate predictions are often made with models that are the same as, or 
similar to, those used to produce climate simulations and projections (assessed in Chapter 9). A climate prediction typically proceeds 
by integrating the governing equations forward in time from observation-based initial conditions. A decadal climate prediction com-
bines aspects of both a forced and an initial condition problem as illustrated in Box 11.1, Figure 2. At short time scales the evolution is 
largely dominated by the initial state while at longer time scales the influence of the initial conditions decreases and the importance of 
the forcing increases as illustrated in Box 11.1, Figure 4. Climate predictions may also be made using statistical methods which relate 
current to future conditions using statistical relationships derived from past system behaviour. 

Because of the chaotic and nonlinear nature of the climate system small differences, in initial conditions or in the formulation of the 
forecast model, result in different evolutions of forecasts with time. This is illustrated in Box 11.1, Figure 1, which displays an ensemble 
of forecasts of global annual mean temperature (the thin purple lines) initiated in 1998. The individual forecasts are begun from slightly 
different initial conditions, which are observation-based estimates of the state of the climate system. The thick green line is the average 
of these forecasts and is an attempt to predict the most probable outcome and to maximize forecast skill. In this schematic example, the 
1998 initial conditions for the forecasts are warmer than the average of the simulations. The individual and ensemble mean forecasts 
exhibit a decline in global temperature before beginning to rise again. In this case, initialization has resulted in more realistic values for 
the forecasts than for the corresponding simulation, at least for short lead times in the forecast. As the individual forecasts evolve they 
diverge from one another and begin to resemble the projection results. 

A probabilistic view of forecast behaviour is depicted schematically in Box 11.1, Figure 3. The probability distribution associated with 
the climate simulation of temperature evolves in response to external forcing. By contrast, the probability distribution associated with 
a climate forecast has a sharply peaked initial distribution representing the comparatively small uncertainty in the observation-based 
initial state. The forecast probability distribution broadens with time until, ultimately, it becomes indistinguishable from that of an 
uninitialized climate projection.

Climate predictability
The term ‘predictability’, as used here, indicates the extent to which even minor imperfections in the knowledge of the current state or 
of the representation of the system limits knowledge of subsequent states. The rate of separation or divergence of initially close states 
of the climate system with time (as for the light purple lines in Box 11.1, Figure 1), or the rate of displacement and broadening of its 

Box 11.1 (continued)

Box 11.1, Figure 2 |  A schematic illustrating the progression from an initial-value based prediction at short time scales to the forced boundary-value problem of 
climate projection at long time scales. Decadal prediction occupies the middle ground between the two. (Based on Meehl et al., 2009b.)

 (continued on next page)

Kirtman et al. (2013)
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Still a gap between weather 
forecasts and climate projections
as input to studies related to 
water availability

Funded by DFG
Grant #: 416069075

Towards near-
term predictions
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