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Drought and Large-scale Floods
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Main objective:

to advance our knowledge on the impact of global change 
on hydrological extremes (drought & large-scale floods)

� What are the characteristics of 
extreme historical events?

� Are there consistent patterns in the 
spatial occurrence of extreme 
events?

� Are we seeing an increase in the 
frequency and severity of extreme 
events (trends)?

� What about the future (21st 

century)?

Hydrological Extremes at a global scale: 
historic and future climate

Drought last decade 
(EEA, 2010)
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DATA
� OBSERVATIONS

Hydrological Extremes at a global scale: 
historic and future climate

- WATCH Test Basins

- Discharge data from the UNESCO-
FRIEND European Water Archive

- WATCH Forcing Data (WFD, global, 
0.5o, 20th century)

� MODELING OUTCOME

- WATCH Test Basins, RBHMs

- WATCH Forcing Data (global, 0.5o, 
21st century, 3 GCMs, A2 and B1)

- Large-scale models: GHMs, LSMs 
(WFD, global, 0.5o, 20th century)

- Large-scale models: GHMs, LSMs 
(global, 0.5o, 21st century)

WATCH Splinter Group Meeting 
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Hydrological Extremes at a global scale: 
historic and future climate

Van Loon et al.

(under progress)

Test Basins

Drought 
Propagation

1982-1985 1999-2002
Temp

Snow

Soil 
moisture

Precipitation

Groundwater

Streamflow

• Metuje
• 2 events 
• Local weather 

data
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Hydrological Extremes at a global scale: 
historic and future climate

Van Huijgevoort  et al.

(under progress)

Test Basins
Drought 
Propagation 

• Metuje

• 2 events

• WATCH Forcing 
Data 

• Ensemble mean 
and spread 
large-scale 
models

1982-1985 1999-2002
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Hydrological Extremes at a global scale: 
historic and future climate

RDI = River flow RSPI = Rainfall
Drought Catalogue (observed data)

Hannaford et al. (2011) Hydrol. Process.
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Hydrological Extremes at a global scale: 
historic and future climate

Regional Flood 

Index (RFI)

European 
High Flow 
Catalogue
(observed)

Parry, S. et al. (2010)

IAHS Publ. 340
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Hydrological Extremes at a global scale: 
historic and future climate

Stahl et al. (2011) 

Trends in 
observed and 
modelled river 
flow (ensemble 
mean)

7-day 
low flow 

Annual 
flow

OBSERVATIONS MODELLED

towards dryer

towards wetter
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Hydrological Extremes at a global scale: 
historic and future climate

Stahl & Tallaksen

(work in progress)

AREA IN DROUGHT (%) Drought in 
observed and 
modelled river 
flow, incl.  
ensemble mean
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Hydrological Extremes at a global scale: 
historic and future climate

Number of droughts:

• drought in monthly runoff

• 8 large-scale models

• 1963-2001

• WATCH Forcing Data

Van Huijgevoort et al.

(under progress)
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Hydrological Extremes at a global scale: 
historic and future climate

Synchronicity in drought occurrence

Van Huijgevoort, Hazenberg et al. 

(under progress)

Drought clusters:

• Drought in runoff 

• August 1976

• WaterGAP

• WATCH Forcing Data
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Hydrological Extremes at a global scale: 
historic and future climate

Van Huijgevoort  et al.

(under progress)

Intercomparison 
models and 
observations

OBS

H08

Jules

LPJ

MPI�HM

WaterGAP

River Irrawaddy, Asia River Burdekin, Australia 

River Fraser, N. America River Liard, N. America 
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Hydrological Extremes at a global scale: 
historic and future climate

Van Lanen & Wanders

(under progress)

CTRL 
(1971-2000)

A2      
(2071-2100)

Duration Future Hydrological 
DROUGHT

- impact of climate change 
- temperate climate (C-climate)
-synthetic hydrological model
-WATCH forcing data (historic 
and future)
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Hydrological Extremes at a global scale: 
historic and future climate

Number of Droughts:

• Drought in monthly runoff 

• MPI-HM

• Impact climate change

• CNRM A2 projection

CTRL 1971-2000

2021-2150

2071-2100

Corzo, van Lanen et al.

(under progress)
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Hydrological Extremes at a global scale: 
historic and future climate

Number of Droughts:

• Drought in monthly runoff 

• Impact climate change

• Example: MPI-HM

• 3 GCMs

• A2 and B1 projections

2021-
2150

Corzo, van Lanen et al.

(under progress)

2071-
2100

2021-
2150

2071-
2100

B1

Deviation (%) from CTRL

A2
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Hydrological Extremes at a global scale: 
historic and future climate

Corzo, van Lanen et al.

(under progress)

Number of Droughts:

• Drought in monthly runoff 

• Impact climate change

• 8 large-scale models

• 3 GCMs

• A2 and B1 projectionsMacPDM

-25
-20
-15
-10
-5
0
5

10
15
20
25

%
 f

ro
m

 C
TR

L

CNRM

IPSL

ECHAM

H08

-25
-20
-15
-10
-5
0
5

10
15
20
25

%
 f

ro
m

 C
T

R
L

CNRM

IPSL

ECHAM

WaterGAP

-25
-20
-15
-10
-5
0
5

10
15
20
25

%
 f

ro
m

 C
TR

L

CNRM

IPSL

ECHAM

MPI-HM

-25
-20
-15
-10
-5
0
5

10
15
20
25

%
 fr

o
m

 C
TR

L

CNRM

IPSL

ECHAM

Jules

-25
-20
-15
-10
-5
0
5

10
15
20
25

%
 f

ro
m

 C
TR

L

CNRM

IPSL

ECHAM

HTessel

-25
-20
-15
-10

-5
0
5

10
15
20
25

%
 f

ro
m

 C
TR

L

CNRM

IPSL

ECHAM

LPJ

-25
-20
-15
-10
-5
0
5

10
15
20
25

%
 fr

om
 C

T
R

L

CNRM

IPSL

ECHAM

GWAVA

-30
-25
-20
-15
-10
-5
0
5

10
15
20
25

%
 fr

om
 C

T
R

L

CNRM

IPSL

ECHAM

Deviation (%) from CTRL



11/05/2011

9

WATCH Splinter Group Meeting 
EGU, Vienna, 6 April 2011

What did we learn?

� Intercomparison of observed and modelled large-scale extremes is 
essential to assess the impact of climate change on future drought

- data availability prerequisite

� Historic extremes
- consolidated data: catalogues;

- observations: lower monthly flows from April onwards in most of Europe;

- models seem to reproduce major droughts;

- modelled droughts in flashy catchments and wet climates (A- and C

climates) closer to observations;

- model ensemble mean  performs better;

- models capture trend in annual flow; monthly trends not well represented. 
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What did we learn?

� Future extremes (likely):

- droughts better predicted in wetter climates (A- and C-climates) and flashy river

basins than in dry environments with large storage;

- durations longer (C-climate);

- ensemble mean better prediction than individual large-scale models.

� Future extremes (remarks):

- large-scale models: occurrence no unidirectional signal

- change in number of dry regions complicates assessment of climate change on

drought;

- inconsistencies driving forces (bias correction) 


