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edc Key aspects of low flow and drought

Drought has serious impacts on the
environment, economy and society

Some key figures for Europe:

. In 2003 more than 100 million people and a third of
the EU territory was affected,;

. The cost to the European economy was at least €
8.7 billion;

. Over the past thirty years, droughts have

dramatically increased in number and intensity in the
EU and the cost in this period amounts to € 100
billion:;

. Climate change is expected to make matters worse
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|. Characteristics of Drought

Deviation from normal conditions:

» occurrence of below average natural water
availability

occurs in all hydroclimatological regions

sustained

regionally extensive

different types of drought (meteorological, soil
water, groundwater, streamflow)

Do not confuse with:
e aridity
e water scarcity

» desertification
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|. Characteristics of Drought

Example from Norway

Reservoir for drinking water supply for the city of Bergen, Norway, March 2006
(Bergens Tidende, 24.3.06, Photo: Arne Nilsen)
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d |. Characteristics of Drought
€ac Impacts

Low flows and
dried up rivers

Low reservoir levels

Agricultural production
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|. Characteristics of Drought

C

Drought is a non-
event;

Drought can not be
forecasted based on a
preceding
precipitation event;

Drought develops
slowly in time and
space;

Drought covers large
spatial and temporal
scales and thus
requires transnational
data for its analysis.

- monthr

as compared to Flood

Time

100 year

1 year

1 day +

1h -+

f f f f f f f
o~ © o~ o~
c c ‘s c ‘c € c Area
S -8 8 & 7
- — o — —
o x X
— — o
(@)
—
Catchment scale-----region---------- continent

Wirzberg Workshop, Low flows and Droughts, September 2007



'

Recent events in Europe

3
\\

\

v

Recent major events:
-1 2003
12005
1 2006
1 2007

i - H
y

Wirzberg Workshop, Low flows and Droughts, September 2007



(S

Q "HI:!

C

Il. Recent events in Europe
2003

A high pressure system
developed over Western
Europe. This led to
blocking of moist
airmasses from west
and allowed warm, dry
airmasses from
Northern Afrika to move
northwards.

The result: Heat wave
and large precipitation

deficits

Figure 1: Extent and severity of 2003 dmugbt

During the summer of 2003, the rainfall deficit extended across
most of Europe with drought conditions lasting from March to
September. In Central and Eastern Europe 2003 followed a clus-
ter of notably dry years.
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Il. Recent events in Europe
2003 - Impacts

Heat wave in Southern Europe
(~30.000)

Forest fires, crop loss (10.6
Billions US$)

Navigation problems on large
rivers

Lowest water level in Danube in
160 years

Laveste observed water level in
the Rhine v/ Lobith (825 m3s-1)

Death of fish (almost 30°C)
Closure of power plants

Damage of wooden piles of
monumental buildings (NL)

=>»Drought on the European agenda!
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Africa? Arizona? No, England
Dried up: the
2005 drought

Il. Recent events in Europe
2005

The affected area is less than
in 2003

But some regions, including
the Iberian peninsula
experience a more severe
situation, in particular due to
the long duration of the
drought

In France the situation is as
bad as in 2003

And England has experienced
the worst drought since 1976
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Il. Recent events in Europe
2006 - Precipitation

3-month precipitation, February 28 (left) and April 30 (right)
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d Il. Recent events in Europe
edcC 2006 - Climate
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Fig. 4. April-August 2003 mean 500-hPa heights (contours. interval is 60 m) overlaid with (a) surface temperatures
anomalies (°C) and (b) precipitation anomalies (mm). Anomalies are departures from the 1971-2000 base period monthly
means.

US National weather service; Climate Prediction Centre, 2006
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Deaths per week

Il. Recent events in Europe
2006 - Impacts

Forest fires (loss of lives)

 Heatwaves (loss of lives)

e Agricultural production

 Water supply

« High river temperature (==» ecology and energy production)
e Tourism
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N O rway G ro U n dwater Kart som viser dagens situasjonen 28. november og prognose for 4. desember

Autumn 2006

24. August

Warning issued due to the
low groundwater levels,
some places the lowest on
records since 30 years.
Concern for the water
supply situation in the
coming winter.

28. November

The drought is definitely
over. High groundwater
levels are now recorded,
somewhere the highest for
this time of the year.

Warm and wet November!
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Recent events in Europe
2007 — Climate anomaly

May-July Temperature

July Precipitation

May
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d Il. Recent events in Europe
edc 2007 - Impacts

Forest fires
Heatwave
Water supply
Agriculture
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Meteorological
Situation

Drought processes and propagation

- In the hydrological cycle

| Natural climate variability |

Persisting anticyclonic
pressure systems

=

v

C

Less / no
precipitation

Meteorological

l

Drought

Precipitation
deficiency

Agricultural
Drought

High temperature, low
humidity, greater
sunshine, etc.

v

Increased evaporation and
transpiration

A 4

Plant water stress,

Soil water deficiency |—>

reduced biomass

and yield

v

Hydrological
Drought

Streamflow
deficiency

v

CReduced recharge)

v

Depletion of groundwater
reservoirs
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I11. Drought processes and propagation
Meteorological drought — Precipitation (SPI)

3-Month Standardized Precipitation Index
February - April 2006

* Based on
Preliminary Data
** Base Period for
Averages 1951 - 2001
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I11. Drought processes and propagation
Soil moisture drought — SM content (0-1)

Index of the Soil Moisture Content (0=wilting point, 1=field capacity)

1.September 2003

1.September 2007

Index of the Soil MMoisture Content (0=wilting point, 1=field capacity)

French Global Land
Surface Model, Orchidee

1 September 2007 i
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I11. Drought processes and propagation

edc Hydrological drought — Streamflow

—— Ngaruroro, New Zealand

* Low flow )
characteristics :
(minimum values) 5

- annual minimum series

1. jan. 1991

1. jan. 1992 ~
1. jan. 1993 +
1. jan. 1994 -
1. jan. 1995 +
1. jan. 1996
1. jan. 1997 +
1. jan. 1998
1. jan. 1999

1. jan. 2000 -

o
3
)

o Deficit characteristics
(maximum values)
- duration
- deficit volume (severity)
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Annual minium flow (m 7 §7)
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Groundwater Droughts

1A
17/

Impermeable basis

Key variables:
Fluxes
recharge

groundwater discharge (base flow)

State variables

groundwater heads or levels
storage

Wirzberg Workshop, Low flows and Droughts, September 2007
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d I11. Drought processes and propagation
€dcC Multivariable indices

Based on several variables and often include water balance
calculations

*PDSI: Meteorological drought index, snow not included

*SWSI: Includes snow, precipitation, reservoir storage, streamflow

PDSI — 9 month

Global Drought
Monitor, 15
September 2007

Wirzberg Workshop, Low flows and Droughts, September 2007
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I11. Drought processes and propagation
Composite indices — Drought classes

edc

Ret Drought Monitoring Indices
Drought e —_ : Standardized| NDMC™ | Palmer
S . Period Description of Possible Impacts il

everity fyears) Precipitation | Drought | Drought
Index (SPl} | Category | Index
Going into drought; short-term dryness slowing
Minar with of crops or pastures; fire risk above average
Ito4 |9 HsOr - Ue- | -05to-07 DO |-1.010-1.9
Drought Coming out of drought, some lingering water
deficits; pastures or crops not fully recovered.
Some damage to crops or pastures: fire risk high;

moderate streams, resemvmirs, orwells love, some water
Drought 5109 | shortages developing or imminent, voluntary watar -08to-1.2 By -20t0-24

use restrictions requested.

-4 0to-419

rceptional and wi g
anal fir Ty less than -2 O4

Exceptional
Dirought

*MWOMC - Mational Drought Mitigation Center
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I11. Drought processes and propagation
Choice of indices and relief measures

edc

« The purpose of the study
« The hydrological regime under study
« The data availability

Objective Shori-Term Drought Indicator Blend Percentiles

Objective Long-Term Drought Indicator Blend Percentiles
May 20, 2006 3

May 20, 2006

et
NWS / NCEP NWS / NCEP
) . Climate i . Climate
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Climatic Dlend changed for @ farge part of the western haF Climatic
201030 (pO) [ 96tc 100 20to30 ooy [ 95to 100

Data Center of the U, 5. putiieed it color) on Dec. T 200410 . ’

better reffect the regions ' waler supply conditions.

Data Center

. . New Western Formulation HOWEV

inputs (a5 percentiles); This map approximates impacts that respond to precipitation over several days to Inputs (a5 percentifes): inputs (as percentiles): This nmp ER, ALL G.ﬂz"s HOTED HELM,STM;;AH'ZT‘:MG”WHI Dafew
35% Palmer Z-Index a few months, such as agriculture, topsoil moisture, unregulated strearmflows, and 25% Palmer Hydrologic Indes " b
25% 3-Mornth Precipitation S S o ariouirS, Tapeoll MaleLrS, mreg o s 20% 24-Month Preciptation 3% Paimer tycrolog e Inoex years, such as reservoir conterd, groundvater, and ke levels. HOWEVER, THE RELATIONSHIP

Lo most aspects of wildfire danger. The relationship between indicators and impacts b " 30% B0-Month Average Z-Index BETWEEN RDIGATORS AND WATER SUPPLES CAN VARY MARKEDLY WTH LOGATIO!

20% 1-Morith Precipitation can vary significantly with location and season. o nat interpret this map tooliteralty. 20% 12-Month Preciptation 110% BO-Marth Precipitation . . "
13% CPC Soil Moisture Model 16% B-Month Precipitation 10% 24-Month Precipitstion SEASON, SOURCE, AND MANAGEMENT PRACTICE. Do not iterpret this map too Berally
7% Palmer Drought Index This map is baged on prefiminary climate division data. Local conditions andior 10% Bi-Month Preciptation Thiz map is based on preliminary climate divison data. Local conditions andior

final clata may differ. See the detailed produd suite description for mare details,

10%

CPC Soil Moigure Model

10% 12-Month Precipitation
10% CPC Soil Maisture Model

final dsta may differ. See the detailed procuc suite description far mare details,
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I11. Drought processes and propagation

edc Catchment scale studies
0
Physically-based modelling
* River Bilina (Czech Rep.)
50 || —o— Simulated |
— Observed  Impact of surface water
. transfer to River Bilina
'FE 60 | » Observed: with augmentation
8 « Simulated: without
= (naturalized series)
c 40
5
T o0 e Droughts:
il - with augmentation: 3
0 - natural conditions: 22
1971 1973 1975 1977 1979
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I11. Drought processes and propagation
Catchment scale studies

Precipitation

Missouri - Precipitation anomaly

Evolution of Deficit Volume for Missouri

Recharge

Missouri - Recharge anomaly - Soil B
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I11. Drought processes and propagation
edc Spatial characteristics

Objective: to characterize the spatial aspect of drought,
Including the area covered by drought and the total deficit
over the area:

Data: spatially interpolated information, most
commonly gridded values are applied.
Regional scale: Denmark

Catchment scale: Pang study

Interpolated and simulated long time series
(gridded, monthly) are obtained using
interpolated rainfall and simulated
groundwater recharge, head and discharge
for the Pang catchment, UK.

Wirzberg Workshop, Low flows and Droughts, September 2007
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I11. Drought processes and propagation
Catchment scale studies — the Pang (UK)

N=77 N =27
Rainfall - Ave. Area Recharge - Ave. Area
40 15
30 10
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0 0 } T T T T T 1
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d V. Space-time aspects
€ac Regional drought study - Denmark

1. Divide Denmark into 21 x 21 grid-
cells of

0.220 x 0.150 (~14 x 17 km) B 1 Saup"
= 4.

2. Simulate long time series of /’T:% . ﬁ%%%
monthly precipitation and . e e N
streamflow in each grid cell {zf‘;é?fﬁ i *ﬁvﬂ ” e

2 - % % ~_

3. Selectthe drought eventsineach = . | K", ..« 4% O

simulated time series — PDS model R e e N L I
T FRTFunerde . N :*?ealand £"~ <

4. Derive the empirical probability . ;gfs 1 iimm%_% ta"“wijji
distribution functions of the area S N B AR SN VA
covered by a drought, the drought i IRE SR l
deficit volume and duration ° ’ ‘OLongme” * h

5. Construct SAF-curves
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V. Space-time aspects
edc Regional drought study - Denmark

2.5
P o \/
==
= =20
o)
E
o= . June 1o7E-Sept. 1976
S s EE
N o “‘*.kaeb ifevrs-Apr. 1976
o e
= T.08 e e -
= -
= ZoE
e o5 - = -
= -
= . - -
o0 —
T
Q 20 A0 (=n] 50 T O
=25
ey W?E_NDU 1976
[2r] =
o
Q £ 20 | i
= ,
= 1.5 -
==
= —
£ 1.0 -
o=
=]
= 0.5 o
P
.0

S0 100

Hisdal & Tallaksen (2003)
J. Hydrol. 281(3), 230-247

Aoverage area (Fa)

Wirzberg Workshop, Low flows and Droughts, September 2007



‘l“'"

edc

V. Space-time aspects
Synoptic patterns and local variability

Droughts are regional events, it is thus important to
assess:

the spatial extent of the R | /i 7
events '}"' & r ‘If miu].;a v
the variability within the o | [0
affected area | £ I
the dynamics of an event | l.
possible recurrent patterns SR N
in space o P il B

Flow exceedance across Europe (CEH, 2001);

a) 12 Jul. 1976: b) 14 Aug. 1990:; c) 1 Dec. 1989: d) 23 Jan. 1992

Wirzberg Workshop, Low flows and Droughts, September 2007



. V. Space-time aspects
Synoptic patterns and local variability
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Neerslagtekort in Nederland in 2007

Landelijk gemiddelde over 13 stations Doorlopend potentieel neerslagoverschot -

——————— 5% draogste jaren
In het tijdvak:

madiaan
4 recordjaar 1976 1 april 2007 t/m
A0 i 6 juli 2007
jaar 2007 actueel 1689 mm juli
E wessssl 10-daagse verwachiing met
E midden van verdeling: 11.3 mm N
= A
ﬁ 200+
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= 100-

e
N
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Cumulative precipitation deficit in the Netherlands, 6 July 2007
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E V. Drought Monitoring and forecasting
edc Global overview - Monitoring

meteorological drought

wildfire risk — different drought types

Wirzberg Workshop, Low flows and Droughts, September 2007
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ol V. Drought Monitoring and forecasting

Precipitation Drought - Monitoring

36-monthly rainfall deficiencies for Australia

Product Code: [DCKARSADO

Click on an area of the Australian map to zoom into i

Amtralmn Gmrn.ment
" Burean of Meteorology Meteorology

Rainfall Percentile Ranking

Rainfall Deficiencies: 36 Months
1 September 2004 to 31 August 2007

Distribution Based on Gridded Data
Product of the National Climate Centre
Ihittpoemw bomgov.an

& Comemonvoallh ol Ausiralia 2007, Auslralian Bureau of Melecrology

Issued: (RORE00T
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V. Drought Monitoring and forecasting
Streamflow - Monitoring

Exceedance frequency; Elektra software (CEH, 2001)

Wirzberg Workshop, Low flows and Droughts, September 2007



d V. Drought Monitoring and forecasting
€dcC Streamflow - Monitoring

sddress Ii tp:

science for a changing world

Current Maps/Graphs: Flood Watch:
Current Streamflow

-

Drought Watch:

> || United States

New Features
WaterWatch -- Current water resources conditions

Map of real-time streamflow compared to historical
streamflow for the day of the year (United States)

Honday, August 27, 2007 06:30ET

Choose a data retrieval option and select a location on the map
" List of all stations in state, & State map, or

" Nearest stations
~ Explanation - Percentile classes I
[ ] | @ [ ) o ]
Low <10 10-24 | 25.75 |
[ochEe¥] Below | wormal | Abore

nomal |
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ol V. Drought Monitoring and forecasting

US Drought Monitor
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The Latest Weekly Assessment The Latest Seasonal Outlook
From the United States Drought

Monitor
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d V. Drought Monitoring and forecasting
€dcC US Drought Monitor

Drought Impact Reporter C’Ei?_

National Drought Mitigation Center

Yiew Drodght Impacts | Add A Drought Impact | Time-Lapse Animation | About | Help | User Lodin

Map Options
Impact Categories:

¥ @ sariculture ¥ ) Fire
V¥ @ watenEnergy M () Social
¥ @ Environment W 0 Other

= Suurce:lAIISources vl
Time Period: | [ast Month

North C i s Droudht Maonitor Layers

o 65 Reported Drought L egend
. ey, Impacts
- - &

, © 10 Agriculture | Mo reported impacts
® 5 Fire | 1-13reported impacts
o 27 WaterEnergy ] 14 - 26 reported impacts
9 3 Enviranment I 27 - 39 reported impacts
@ 9 Socia | 20-52 reported impacts
= o | 53- 65 reported impacts
Instructions: Click on a state to see the
reparted drought impacts that affect that state.
Y s
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V. Drought Monitoring and forecasting
edc Global overview - Forecasting

- . precipitation and temperature

- (ifferent drought types

Wirzberg Workshop, Low flows and Droughts, September 2007
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V. Drought Monitoring and forecasting
Global overview - Forecasting

Links with the climate system

High winter NAO Index
iImplies that storm tracks
shifted northwards,
sparing southern Europe,
where anticyclone
persists, leading to:

Reduced winter rain
Drought

10

-10

1 I I I 1 I I I 1 I I I 1 1 I I 1 1

NAO Winter

1 1 1 | 1 | | L 1 1 1 | 1 1 | L 1 1

1840 1860 1880 1900 1920 1940 1960 1980 2000
(from CRU)
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edc VI. Climate change

Two main approaches to assess the impact
of climate change on hydrology:

1) Analysis of observed data for changes and
trends

1) Scenario calculations using physically based
models

Wirzberg Workshop, Low flows and Droughts, September 2007



r

Wi

VI. Climate change
ed Observed trends - Precipitation

I
Annual precipitation trends: 1900 to 2000
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D4 Mann-Kendall statistic
for AMV

significant positive trend
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VI. Climate change
Observed trends - Streamflow

Have

streamflow

droughts in
Europe become
more severe or

frequent?

Hisdal et al., 2001
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VI. Climate change
Predictions - Temperature
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V1. Climate change
Predictions

IPCC (2007) expects more severe hydrological extremes as a result
of an intensifying of the hydrological cycle;

It is however, difficult:

« to distinguish between effects of climate change on hydrological
drought and multi-decadal climate variability

* to discriminate climate change from other human influences (e.g.
land use change, water abstractions)

Understanding of the development of past droughts and how they might
change in future is very fragmented and highly uncertain

Current generation GCMs and RCMs is still expected to unsatisfactory
reproduce historical extremes

Wirzberg Workshop, Low flows and Droughts, September 2007
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V1. Climate change
Predictions — the WATCH project

EC-IP WATCH: WATer and global Change aims to:

« advance the knowledge and skills to predict the effect of climate
change on drought by enhancing our understanding of the
present situation (20t C)

e assess uncertainties in the chain of climate/hydrological
modeling system

» evaluate how the global water cycle and in particular droughts
respond to future drivers of global change (21st C)

* investigate the attribution of changes in the hydrological cycle
(incl. the droughts)
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d VII. Concluding remarks
edac Research needs

NE & AMHY- FRIEND joint meeting, Bratislava, 2004

Drought monitoring and forecasting

Development of drought indicators

Drought patterns in time and space

Impact of land use and climate change

Propagation of drought through the hydrological cycle
Links between drought and stream ecology

Methods for assessing the severity of drought
Estimation at the ungauged site

Need for good quality, long-term data (easy assess)

Wirzberg Workshop, Low flows and Droughts, September 2007
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VIIl. Concluding remarks
International cooperation - EDC

uropean Drought Centre - Microsoft Internet Explorer provided by Universitetet i Oslo

File Edit “iew Favartes Tools Help

eBack - O - @ @ (h|p5&arch *Favuntes @| Bv & |_J 3

Address @ hikkp: j v, geo,wio, nofede!

Howe . Home =

EDC

Histary

Core-Group The Buropean Drought Centre (EDC) s a virtual cendre of European drought research and
drought managerent organisations to promote collaboration and capacity bull@ing befureen

Events scientists and the user community. The long term objective of the certre Is to enhance European

Warking Groups co-cperation in order to mitigate the impacts of droughts on society, econormy and the
eruronment. The EDC was formally established at a joint European FRIEND and ASTHyDA

Downloads meeting held in Bratisiava, May 2004, Although the EDC primarily has a European dimension, it

Joining will also link uith other international projects, organisaions and experts outside Eurape. You are

e inulted to sign up.

Contact [ |

“ Next meeting of the EDC Core Group will be held in ¥ienna, Austria, April
2005. Contact person can give more information.

“ Recently the textbook on hydrological drought has been published (Tallaksen,
L.M. & van Lanen, H.A.J. (Eds.) (2004) Hydrological Drought. Processes and
Estimati Methods for Sir 1l and Gr dwater. D 1 t in Water
Science, 48, Elsevier Science B.Y., 579 pg.).

@ European Drought Centre

[Tap]

http://www.geo.uio.no/edc
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edc VII. Concluding remarks

Drought is a natural hazard that cannot be prevented

However, drought are likely to become a larger threat to
mankind as:

Climate change scenarios predict more frequent and extreme
floods and droughts

There is an increasing pressure on water resources

Still, its impacts can be reduced through mitigation, i.e.
knowledge, preparedness and good management practice

Monitoring Forecast Prediction

—

now
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