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Outline

Monday Nov. 18

* The water cycle: From hydrological processes to observations,
* presentation of topics, groupwork

Tuesday Nov. 19

* The nexus water — energy — food. Water as a basic need, water as a threat:

Selection of topics, groupwork

* Wednesday Nov. 20

Eco-hydrological modelling,

* Groupwork
Thursday Nov. 21

* Groupwork

Friday Nov. 22

* Presentation of selected tasks, visiting PIK

Fred Hattermann
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What we will do

Theory

Background and
conceptualization

Examples

Modelling and Ty —
interpretation o .
Application il

Presentation of selected
A

topics

mrEmmas

Fred Hattermann
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Problem/ Pressure Adaptation
measure

*A problem may have more than one solution etc.

Fred Hattermann Seite 4
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Water cycle, global

Atmosphere .
12|.O7 Water reservoirs

Ocean toland * QOceans, inland waters,

Water vapor transport .
glaciers, groundwater,
//// /;/-/* Land atmosphere, soil water,
*/ " Precipitation .
114 organisms ...

/

Yy
///////
s o/

//,'/‘ /

Ocean

et

Evaporation,

;,:scfpitaﬁon T trans,t;l;a tion P rocesses

Ocean fir o * Precipitation,
Ice Evaporation ’ 178 .
26,350 426 * evaporation,

Percolation

S s seepage,
Surface flow ‘/
40 Soil moisture e Runoff
1,335,040 Ground water flow ~ @roundwater Permafrost The global water cycle. lllustration: GIZ (2020)

15,300 22

Liipgel

with data from Trenberth et al. (2011).

Units: Thousand cubic km for storage, and thousand cubic km/yr for excanges *¥1990s Seite 5
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The Nexus Water — Food — Energy — Health

Fred Hattermann Seite 6
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 Food, Water and Energy are fb . o,
elements that are inevitably linked 5;‘” % ’M % K
with each other. i By & ,!\% %

* Impacts on one part might also f o i FOOD | T | %
cause changes in the other ones. oo WATER :

* To provide a sustainable g ENERGY §
development on a global scale, % NEXUS §
solutions concerning food, water and B R
energy challenges have to be created "% & W f
and established 1’%% Eﬁ i B 4&.4"\

7, ~~— G
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Fred Hattermann https://usbiocharcoalition.org/
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The Nexus and the SDGs

14 gfow WATER

1 CLIMATE GOOD HEALTH

ACTION watel' & Food AND WELL BEING
Nexus

CLEAN WATER

Py
.
e
-

DECENT WORN AND
ECONOMIC GROWTH

Fred Hattermann Seite
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Interlinkages Water
E n e r gy (Quads / year)

Fred Hattermann

Energy reported in Quads/year. Water reported in Billion Gallons/Day.
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INPUT DATA

éﬂt

”'”un':

Snow storage

Transpiration

!

Canopy storage

LEGEND

——Pp Human water abstraction
"""" P Return flow
—b Liquid water flux
- Evaporation
Shortwave downward radiation
WOSP Longwave downward radiation
ﬂ Air temperature
3 Precipitation
=5 Wind

& Humidity

Fred Hattermann
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A. Vertical Water Balance
B. Horizontal Water Balance

C. Water Use Management

Carbon dioxide &
Glacier

Vegetation type

Permafrost

B0 D

Sand/gravel/clay

Source: Camelia Telteu (Universitat Frankfurt)

Seite 10
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Share of electricity production from hydropower, 2021 BESANE

= - g

- World v |

Nodata 0% 20% 40% 60% 80% 100%
[ [

Source: Our World in Data based on BP Statistical Review of World Energy, Ember Global Electricity Review (2022) &
Ember European Electricity Review (2022)
QurWorldInData.org/energy « CCBY

Fred Hattermann

Seite 11
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Share of the population that is undernourished, 2018

Share of individuals who have a habitual energy intake lower than their requirements.

| World v

<2.5% 5% 20% 40%
No data | 2.5% 10% 30% 50%
[ | | L

Source: Food and Agriculture Organization of the United Nations (via World Bank)
Fred Hattermann OurWorldInData.org/hunger-and-undernourishment « CC BY

Seite 12
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Impact of management on river discharge and ecosystems

Discharge at gauge Senchi / Volta (Ghana, uh. Lake Volta)

12500

natural System <= => managened System

10000

7500

Q[m3/s]
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2500 ‘nll 'l

‘I I
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o S ) 2 O M a4h 16 4%
37 302 o G B e e v \a“"’ \a“'c’ \'a“""a\'a“'c’ xa‘"c’ xe“'@\e“' \a“'e'&\e“'aﬁsa“'@\a“"' \a“"' \a“"l \a“"' \a“:'

Daten: GRDC, Koch 2020

Fred Hattermann 1
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HydroRIVERS v1.0

Line width reflects river size

Fred Hattermann
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Virtual water import

Fred Hattermann Mekonnen, M.M. and Hoekstra, A.Y. (2011) Seite 15
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Problem/ Pressure Adaptation
measure

*A problem may have more than one solution etc.

Fred Hattermann Seite 16
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Some background

Fred Hattermann Seite 17
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Definition water management

DIN 4049:

Water management: Control and operation of water
management systems for

e water supply,
* wastewater disposal,
* irrigation and drainage,

e canal and flood protection and R —
* hydraulic engineering facilities (dams, navigation
channels)

with the aim of protecting water resources and the water
ecosystem and balancing the interests of different uses.

Fred Hattermann Seite 18
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Integrated water management

Integrated water resources management:

* Integrated water resources management (IWRM) has been defined by the Global Water Partnership
(GWP) as "a process which promotes the coordinated development and management of water, land
and related resources, in order to maximize the resultant economic and social welfare in an equitable
manner without compromising the sustainability of vital ecosystems".

Integrated river basin management:

* Integrated River Basin Management (IRBM) emphasises cross-disciplinary coordination of water, land
and related resources in a river basin, watershed or catchment to achieve long-term sustainability.

* IRBM highlights the importance of ecosystem function in the long term, and reminds us that an
integration of policies, decisions and costs are necessary across a multitude of sectors.

Fred Hattermann Seite 19
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The European Water Framework Directive (WFD)

Since Sept. 14, 2001, the EU Water Framework Directive has been in
effect in the states of the European Union:

Directive establishing a framework for Community action in the field of
water policy - Water Framework Directive (WFD)

Management plans for entire river basins
Focus on the protection and improvement of aquatic ecosystems
The promotion of sustainable use of water resources

Reduction of water pollution by hazardous substances in accordance
with marine protection agreements

Reduction of the ecological impact of floods and droughts

= Val
ZU

Fred Hattermann
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WEFD

The Directive aims for 'good status' for all ground and surface waters (rivers, lakes,
transitional waters, and coastal waters) in the EU.

The ecological and chemical status of surface waters are assessed according to the
following criteria (see also: freshwater environmental quality parameters):

* Biological quality (fish, benthic invertebrates, aquatic flora)

* Hydromorphological quality such as river bank structure, river continuity or substrate of the river bed
* Physical-chemical quality such as temperature, oxygenation and nutrient conditions

* Chemical quality that refers to environmental quality standards for river basin specific pollutants.

These standards specify maximum concentrations for specific water pollutants. If even one
such concentration is exceeded, the water body will not be classed as having a “good ecological
status”.

Fred Hattermann
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The European Water Framework Directive

Pressures Status

WATER FRAMEWORK
DIRECTIVE

Programmes of Measures should be
designed to reduce catchment
pressures to improve ecosystem
services rather than element
classifications

Programmes
of Measures

Fred Hattermann Seite 22
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The European Water Framework Directive

|
Submit interim report on | Revised overview
the implementation : of significant
ta the EC (Art. 15) |
|

wiaLer issues

4

Evaluate the first

Implement
the programme
of measures
for RBD

| ' — ——
and prepare : o= i
the second period

Participation

D
D
D

|
|

l
=il
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Assess current status,
analyse preliminary
gaps (Art. 5-8)

Set up
environmental
objectives (Art. 4)

(Art.14)

Develep River Basin
Management Plan
(RBMP)

(Art. 13-25,App VII)

Fred Hattermann

Set up programme of
< measures for River Basin
Districts (RBD) (Art. 11)

|

Establish
maonitoring
pl‘Dg rammes

(Art.8)

Gap analysis
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WEF Nexus Examples

Fred Hattermann Seite 24
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B 1.Europe

1.1.Tagus 1.6. Adige
1.2.Rhine 17.Tay
1.3.Lule 1.8 UpperTisza
1.4.Rhin 1.9, Upper Prut

1.5.Eman 1.10.U.W.Bug

1.11.5amara
1.12 Teteriv
1.13. Danube
1.14.Dvina
1.15.Elbe

1.16. Weser
1.17.0ka
1.18.Rhone
1.19. Jizera

0. Saale

1.21. Tyligul
1.22.Vistula lag.
1.23. Mures.
1.24.Warnow

1.25.Trave

1.26. Eider
1.27.Maas
1.28.Ems

1.29.Tagus
1.30.Sosna

] 2 Africa
1.31. Vyatka 2.1. Blue Nile
1.32.MarMenor  2.2.Tanzania
1.33.Ria de Aveiro 2.3. Zambezi

2.4.Niger

2.5.Limpopo.

2.6. White Nile
2.7.Mono
2.8.Volta

2.9. Awash

2.10.0mo

2.11.0mo
2.12. Sobat
2.13.Sobat
2.14. Genale

2.15. Shebelle

[0 3. America
3.1..U. Mississippi
3.2.U.Amazon

3.3. Sao Francisco
34.Bolivia

[ 4. Asia
4.1.Lena
4.2.U.Yangtze

4.3.Ganges
44.U.Yellow

4.5 Aspara

46.1sfara
47.Guanting

48.UpperTarim
49.Tailan

4.10. Aksu

4.11. Yarkan
4.12.Hotan
443, Jinhe
4.14. Zerafshan

415.Tupalanga

4.16.Zhabay
417 Kafirnigan
4.18.Murgab
419, Buhtarma

Seite 25
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WEF Nexus Examples

1 The Grand Ethiopian Renaissance Dam (GERD)

Fred Hattermann Seite 27
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The Grand Ethiopian Renaissance Dam (GERD)

 Africa‘s largest hydropower
project:

* Installed capacity: ~6000 MW,
16 turbines

(~4 nuclear power plants)

 Storage: 74 billion m3

(~1.5 years Blue Nile flows)

- Lake area: 1874 km?

(>2 times Berlin area)

Source: www.brusselstimes.com

Fred Hattermann 28
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Political tension

 Blue Nile contributes 60-80% of flows to Egypt

Ethiopia controls the major source of Egypt's lifeline
Water & energy shortage during filling and operation
Lack of transparency

No environmental / social impact assessment conducted

Lack of willingness to cooperate (all parties)

Construction began in 2011 without consent
Filling of dead storage started in rainy season 2020

Without agreed filling timetable

o 0y o
P 1K
e HAD
10° ha
irrigated
cropland
Sudan - GERD
- ='."
Ethiopia

Fred Hattermann

29
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—— Main Rivers
Subbasins

Elevation [m.a.s.L]

Bl 350

I 650

[ 1200

;:223 The basin and calibration/
—rs validation
B 4400

Figure 1. Map of the Upper Blue Nile catchment (UBN) in Ethiopia.
Fred Hattermann Liersch et al. 2018 30
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Figure 1. Map of the Upper Blue Nile catchment (UBN) in Ethiopia.

Year

 The basin and calibration/
validation

Fred Hattermann

Liersch et al. 2018
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GERD in operation (SWIM simulation)

7 7| e Reference —— hpp_1500MW_02b
« Hydropower targets -~ cco_mgt_02 ——  hpp_1700MW _02
6 4 — hpp_1500MW_02a - = hpp_1800MW_02
= 1500 MW
= 1700 MW 5 -
= 1800 MW e 44
S
. *
* Environmental flows K.
g
= eco_mgt
2 —
1 —
O —]
| I I I I | | I | | I |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Average 1961-1999
Fred Hattermann Liersch, S., Koch, H., Hattermann, F. (2017). Management Scenarios of the Grand Ethiopian Renaissance Dam 6

and Their Impacts under Recent and Future Climates. Water, 2017, 9. DOI:10.3390/w9100728
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Goals

 Investigate functioning of GERD under climate change conditions

« Support water management to mediate upstream downstream
conflicts

« Support integration of renewable energies to stabilize energy
generation and natural flow regime

Fred Hattermann
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Improving management by integration of solar & wind

« Complementarity of
RE sources at diurnal
and seasonal time

scales

0.

1

5

0!

solar

wind
——

a Study area

30°N

25°N ~

20°N A —

15°N

10°N

50N -

Hydropower @

1-GERD* 9 - Gibe IIl
2-Fincha 10 - Tana Beles

3 - Fincha-Amerti-Neshe 11 - Tis Abay
4 - Tekeze 12 - Koka

5 - Melka Wakena 13 - Awash 2-3
6 -Genale Dawa lll 14 - Roseires
7-Gibe | 15 - Merowe

8- Gibe Il 16 - HAD

Solar PV O
A- Metehara®  F - Khartoum*
B - Dicheto* G - Niyala®
C-Gad” H -AlFashir*
D - Humera® | - Al Geneinah*

E - Mekelle®

Wind A

i-Adama v - Dongola*
ii- Ashegoda i - Niyala®
iii - Aysha* vii - Hayya"

25°E

30°E 35°E

Blue Nlle discharge
at GERD (10° m¥s)

Solar PV
capacity factor

Wind
capacity factor

25%(
1 1
1
20%
E
15% A —-—G
B —v¥—D —h—H
—A—C ——E -
10%
100% "
4 A —a—vi r
b Vi
b
50%
0%

b GERD inflow
8
= median
6 1Q range
4 L
2t
0

J FMA M J J A S OND

¢ Solar and wind power yield

Sites in Ethiopia Sites in Sudan

JFMAMJJASOND JFMAMJJASOND

Fred Hattermann

Sterl, S., Fadly, D., Liersch, S., Koch, H., Thiery, W. (2021). Linking solar and wind power in eastern Africa with operation 34
of the Grand Ethiopian Renaissance Dam. Nature Energy (currently with Editor after 2nd submission)
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a S1:no VRE b S2: Ethiopian VRE ¢ S3: Power Pool d S4: Power Pool+ e Total followed load

IS
o

w
o

6 (...) =needed VRE ~ (12.9)
capacity (GW)

4

) .

0

18 May 19 May 18 May 19 May 18 May 19 May 18 May 19 May

mer e B

JFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJIJASOND S1 S2 S3 S4

Hourly
power generation (GW)

N
o

[=2]

~
-
o

GERD-supported load (TWh/year)

n

Seasonal
power generation (GW)

o

mn Hydropower (GERD) Solar power W Wind power [ Solar + wind (VRE) == Followed load Scenario

Sterl, S., Fadly, D., Liersch, S., Koch, H., Thiery, W. (2021). Linking solar and wind power in eastern Africa with operation of the 35

Fred Hattermann
Grand Ethiopian Renaissance Dam. Nature Energy (currently with Editor after 2nd submission)
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Supporting the integration of solar & wind

a S1:no VRE b S2: Ethiopian VRE ¢ S3: Power Pool d S4: Power Pool+ e Total followed load

= 5 A~ A 4 (...) =needed VRE  (12.9)
The higher the share of solar & wind integrated by GERD, the more
the released discharge follows the natural regime!

Win-win situation can be achievable but requires a high degree of
cooperation between riparian countries Ethiopia, Sudan and Egypt

JFMAMJI JA ONDJFMAMUJJ SONDJFMAMJJASONDJIFMAMJJ S OND g g! 5; S4

Hydropower (GERD) Solar power Wind power Solar + wind (VRE) m— Followed load Scenario

Sterl, S., Fadly, D., Liersch, S., Koch, H., Thiery, W. (2021). Linking solar and wind power in eastern Africa with operation 3¢

Fred Hatt
rec nattermann of the Grand Ethiopian Renaissance Dam. Nature Energy (currently with Editor after 2nd submission)
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Problem/ Pressure Adaptation
measure

*A problem may have more than one solution etc.

Fred Hattermann Seite 37
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WEF Nexus Examples

2 Assessment of climate impacts on land and water
management and adaptation options in Bolivia

Fred Hattermann Seite 38
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'Overview and goals
Q=

Z @ Target: Climate impact and adaptation study in the water - food - energy nexus

w Target group: Lokal water experts, farmers and energy suppliers

@ Methods: Data analysis, workshops, integrated modelling,
economical evaluation

Fred Hattermann 39
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Cuenca
Guadalquivir

Cuencas
San Martin
y Paragua

Santa Cruz

Annual precipitation: 1300 mm
Average temperature: 24.8 °C

__ 250 50
£ I~
£ 200+ F40 8
- ks
5 150 F30 &
= s
= 1004 F205
[= T
s !
& U_. Hmm -
S 0O ND J M A M J J A

¥
Month
Tarija

Annual precipitation: 745 mm
Average temperature: 19.2 °C
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[~
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=
1

1504
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Precipitation [mm]
i
=

=
1

Fred Hattermann
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Trends from satellite data (Grace - Gravity Recovery and Climate Experiment)

GRACE-Based Shallow Groundwater Drought Indicator

November 11, 2024

‘e tness percentiles are relative to the period 1948-2012

2 8 10 20 20 70 B_D 00 95 o8
Cell Resolution 0.25 degrees Wetness Percentile

Projection of this document is Albers Equal Area {South America) hitps.//nasagrace.unl.edu

Fred Hattermann



@

e WY i Y .
Hochschule a0
fiir nachhaltige Entwicklung P o e B e
Eberswalde P11 K

O T < L - P J 77

10 4 === ISIMIP3b SSP1-2.6 (9 models) g
(s 1SIMIP3b SSP3-7.0 (9 models)
e 1SIMIP3b SSP5-8.5 (9 models) |

< <

| = ISIMIP3b SSP1-2.6 (9 models) | % o
= [SIMIP3b SSP3-7.0 {9 models)
s ISIMIP3b SSP5-8.5 (9 models)

< <

10

Temperature Change [K]
=

Temperature Change [K]

2020 2040 2060 2080 2071-2100 vs. 1971-2000

2020 2040 2060 2080 2071-2100 vs. 1971-2000

Fred Hattermann 42
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1is 5 s ISIMIP3b SSPL-2.6 (9 madels)
s 1SIMIP3b SSP3-7.0 (9 models)
s 1SIMIP3 SSP5-8.5 (9 models)

e 1SIMIP3b SSP1-2.6 (3 models) v
== ISIMIP3b SSP3-7.0 (9 models)
| ISIMIP3b SSP5-8.5 (9 models)

< < q

15

\ Tariia o | Santa Cruz

—-05

Precipitation Change [mm/d]
Precipitation Change [mm/d]

¢ g : 3 <=L
t-05 4 4 y 0

< _15
—1.0

20

2020 2040 2060 2080

1980 2000 2020 2040 2060 2080 2071-2100 vs. 1971-2000

Fred Hattermann 43
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2000 2030 2050 2080

SSP1-RCP2.6

SSP5-RCP8.5

1000 2000 3000 4000 —20 -10 0 10 20
Precipitacién (mm/afio) Diferencia al afio 2000 (%)

— — -,

Fred Hattermann
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Tarija-Basin

Argentina
Argentina

Legend
[ water ¢
I settiement SERMEID
Elevation [m] Cropland

s i

S S 5 I Vixed forest
S &P S

Grass / Bushland

Bare soil

1

Fred Hattermann
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@ S\/V I M eco hYd r0|0glca| MOdEI [ Climate inputs: Solar radiation, temperature & precipitation j
Soil and Water Integrated Model
o 4L JL JL

f Hydrosphere ”

Ve

Glacier/
Snow

i Pedosphere
/ Vegetation \ Nltrogen cycle

&“@

Soil profile

River network

Water abstraction & irrigation Point sources & fertilizers Crop rotation

* Water and vegetation processes
* Agriculture and natural vegetation (forests, grasslands, ...)

* Water management (irrigation, dams, hydropower, ...)

Fred Hattermann

Krysanova et al. 2015, Hattermann et al. 2011, 2015
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The reservoir modul: Parametrization

crest

max. water level

overflow

Inlet for Hydro-

‘:‘ power plant
! .

63.0 million m3 Maximum
capacity of Reservoir

QI(:mt {min)

e 17.8 million m3 Dead storage

FPSNC = flood protection storage (non controlled) . .

FPSC = flood protection storage (controlled) o 54 15 m M aximum fa I I he |gth Of
LS = life storage, within-year or over-year storage

RS =reserved storage (water management or ecological required) H P P

DS =dead storage (below outlet)

Fred Hattermann 47
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Reservoir: Discharge observed and simulated

Rio Bermejo, San Jacinto Dam

crest

Obs: 6.3
m3
Sim: 6.1 m3
T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 g 10 1 12
Month
Rio Bermejo, San Jacinto Dam
— Obs
Sim
¢ o
a I“‘a ° N ',oao Ia
i o q B Cfﬂ ! b I
o T é:ao e aég Ec‘,“ I" ER S I“‘{
a ) 2 i o o a
G T IV N N SN
T T
2002 2004 2006 2008 2010

Year

FPSNC = flood protection storage (non controlled)
FPSC = flood protection storage (controlled)
LS = life storage, within-year or over-year storage

RS =reserved storage (water management or ecological required)
DS = dead storage (below outlet)

overflow

Inlet for Hydro-
power plant

Fred Hattermann
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Reservoir: Water level and volume

Rio Bermejo, San Jacinto Dam - Water Level
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Rio Bermejo, San Jacinto Dam - Volume
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Fred Hattermann

FPSNC = flood protection storage (non controlled)
FPSC = flood protection storage (controlled)
LS = life storage, within-year or over-year storage

oo S A O .
=]
Pl K

crest

RS =reserved storage (water management or ecological required)
DS = dead storage (below outlet)

overflow

Inlet for Hydro-

power plant
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Reservoir: Hydropower

Rio Bermejo, San Jacinto Dam - Electricity
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FPSNC = flood protection storage (non controlled)

FPSC = flood protection storage (controlled)
LS = life storage, within-year or over-year storage
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crest

RS = reserved storage (water management or ecological required)
DS = dead storage (below outlet)

overflow

Inlet for Hydro-
power plant

Qom (min)

Fred Hattermann
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Scenario development Tarija

i']ID
N uﬁilD
Lty

F
=il

Scenarios

Change of

crop rotations

Irrigation of strawberries

Baseline (under
current climate
conditions)

Noadaptation
(under CC)

Corn cultivation

No regret (under
current climate
conditions)

D

Adaptation (under
CC)

Wine

with drop Irrigation

Change of reservoir
management

Priority (first operational objective)
on hydropower generation with
generation peaks in rainy season,
second objective is irrigation (no
flood control)

Priority on irrigation, second goal
hydropower generation (peak
generation in rainy season, no flood
control).

P \IL Hydrologie, Dr. Tobias Pilz
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Development of crops under CC

Soy bean (Santa Cruz)
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Corn (Tarija)

375 ,@.—M

50 —— SSP1-RCP2.6 —— SSP1-RCP2.6
—— SSP3-RCP7.0 45.01 __ s55p3-RCP7.0
45 | —— SSP5-RCP8.5 425 — SSP5-RCPS
40 40.0
=
=
35 =
o
T 35.0
30 =
32.5
25
30.0
20
27.5
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Fred Hattermann
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CC impact on discharge into reservoir

izi - - 1 - Indicators of low (Q90,
O_ﬂ R S LS B T3 T Q95, Q99) and high runoff
L T * " ﬂq: H* i* I * ' (Q10, Q5, Q1) in San
- Ul Jacinto. SWIM simulations
£ 100 LIf driven by 10 bias-adjusted
2 ae = o —!  CMIP6 models and three
E‘ =0 scenarios.

NF MF FF NF MF FF NF MF FF
NN SSP1-2.6 EEE SSP3-7.0 WM SSP5-8.5

Fred Hattermann 54
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Water volume in reservoir under scenario conditions

Near Future (2015 - 2045) Mid Future (2035 - 2065) Far Future (2065 - 2095)

401
304
20+
101

SSP1-2.6

404

304

204

SSP3-7.0

10+

NN
AN\

10

Actual Storage [10° m?3]

SSP5-8.5

1234567 89101112 1234567 89101112 12 3 456 7 8 9101112
Il No Adaption Il Constant Electricity CC B Flood Protection CC

Fred Hattermann H Adaption
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Summary example 2

* Climate change has different manifestations in the different regions of
Bolivia;

* The different adaptation strategies are now being systematically
simulated and discussed with the experts and those affected;

* Based on this, an economic evaluation will be carried out;

hffa /2

RESEARCH

Fred Hattermann 56



) o L) o
Hochschule a0
fiir nachhaltige Entwicklung P o e B e
Eberswalde P11 K

Problem/ Pressure Adaptation
measure

*A problem may have more than one solution etc.

Fred Hattermann Seite 57
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WEF Nexus Examples

3 Water management in mining areas of east Germany

Fred Hattermann Seite 58
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Coal mining and import Europe in Mio t (2019/2020)

2
< 2
g 5
Braunkohleproduktion o < 24
i . g =
B steinkohleproduktion S 01 s
£
B steinkohleimport ﬁu
£ 2
& -
£ 54,4
5 11
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. . 46,0
2 g 7
203 =
i ] 1074
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139
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Quellen:  BGR (2019): BGR Energiestudie 2019 - Daten und Entwicklungen der deutschen und globalen Energieversorgung (DOI: 10.25928/eg-20189-tab), Stand: 04/2021

VDKI (2019), EURACOAL Marketreport 42021 (2020)
vorlaufig, z.T. geschatzt

Germany is the European leader
in lignite (brown coal)
production with ~100 million t
in 2020

[ ] Lignite/ brown coal mining
B Black coal mining
[ 1 Black coal import

Fred Hattermann
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What is open pit mining?

Schritt fidr Schritt: vom Freirdumen des Abbaufeldes liber die Férderung
der Braunkchle bis hin zur Rekultivierung.

e von e 37 000
ermsprcs Gt 1.900

L Paralisl zum Braunkohienabbay
erfolgt die Rekulthierung der in Anspruch genommenen
Flichen Das Gelinde wird sufgeschittet Das Grundwas-
ser steigt wieder an. Hier entstehen neue nuizbare Kuftur-
Iangschafan - sowohl flr g8 Forst und Landwirtschalt ais
auvch filir Naturschutz, Freizest und Erholung.

Varfald Mt desmi oas
Abbaufeldes und der Grindwasserabsenkung beginnen die
Artaiten in @inem Tapebaubetrieh Wilder werden gerodet
Straflen, Eisenbahninien oder sogar Fliisse veriegt. Mitun-

Ter ist @5 notwendig. Onschafien umzusiedain

Abeaum frdermc Machtige Schichten Sand. Kes und Ton
dberdecken die Braunkohle. Der Bergmann bazeichnet
deses Dechpeb als Abraum. egt das Fii
bis zu 120 Meter tief Abmaumfdrderbriicken tragen das
Dechgetings b und logen tas FIgz frai. Vorschninbagger
arboeiten der AbraumfBrogbricks voraus

Kohlo gowinnen: in der Gruba unter der A
briicke gewinnen Emerketten und Schaufelradbagger die
Rohbraunkehis. Kiometerlange Forderbinder transpor-
tieren den Rohstoff zu Verladestationen. Je nach Tagebau
gelangt die Fracht auch mit Zigen in die Kraftwerke odar
zum Verodiungsstandort Schwarze Pumpa,

Fred Hattermann Seite 60
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Brown coal mining in Germany

Most of them are in East

Germany
Some in West Germany (e.g.

Hambach)

Fred Hattermann

_—— T e =

L UHambur I S
: 3
7 &5
{
Helmstedter {
Rever g, !
- . ki
-~ s
-~ & Niedersachsen ?
fAH,r,J él
{
|

> Nordrhein-Westfalen z
Rheinische Revier ;L/

> it
Ik
Hessen
F kfu rt am lﬂ

7 Rneinland-Pialz \ iy

Eﬁ;ﬁ gx'l.y,‘:—f?ﬂﬂu jessisches Braunkohlegel
3 %7/

/,

Bayern
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Overview of Lausitz mining district

Gauge Grol3e Tranke —
Inflow to Berlin

Cottbus Nord

Janschwalde

Einzugsgebiete ﬁ Kraftwerk

Oder
Elbe 5% Aktiver Braunkohletagebau

Untersuchungsgebiet v Speicherbecken und Talsperren
I Schwarze Elster

Dahme D Pegel

I spree —— Fliessgewéasser
Lausitzer NeiRe X3 Grundwasserabsenkungstrichter
Spreewald

Fred Hattermann Seite 62
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Lusatian mining district - key figures

 Ratio coal to water = 1:6 (For 1 million tonnes of raw coal ~ 6-7 million
m?3 of water extraction)

* Landscape consumption per million tonnes of coal =10 ha
* Groundwater drawdown: 1-70 m below normal level

* Groundwater drawdown catchment (1989) 2,100 km? ( area of the
federal state of Saarland)

» Groundwater deficit (1989) 13 billion m3
- Pore space 9 billion m?
- Backfilling of open-cast mining holes 4 billion m?3

Fred Hattermann

Seite 63
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Number of village destroyed

VERSCHWUNDENE DORFER IM MITTELSACHSICHEN UND (OBER-)LA
Abgebaggerte Ortschaften seit 1945 und derzeit bedrohte Dérfer

itzer Revier

ﬁﬁﬁﬁﬁ ﬁverschwunden ﬁﬁﬁﬁﬁﬁﬁ
22880 O aaaaans
AAAAAAANR

AAAAAAAARR B iyl AAAAAAAARR
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
ARAAAAAAAAAARAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Erfurt
°

THURINGEN

SACHSEN-
ANHALT

®
Magdeburg

Dessau

—— T e = T

° rlin
Potsdam
)

BRANDENBURG

(]
Dresden
SACHSEN

Standorte Kali-Spat-Erz

. @
Gorlitz
D

4@ Sanierungsgebiete der LMBV

Fred Hattermann
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Discharges of water into the Spree and Schwarze Elster rivers

Siimpfungswassereinleitungen [m3/s]

Schwarze Elster

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Jahr Daten: LMBV und Vattenfall Europe Mining )
Fred Hattermann Seite 65
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Effects of lignite mining on the soil and water balance

Huge open pits

Land and villages destroyed
Withdrawl of water, lowering of
GW table

Huge impacts on hydrology and
ecology

Fred Hattermann

‘OA
W

Infolge der
Trockenlegung wird
der Boden locker.
Hohlrdume ent-
stehen. Sauerstoff

kann eindringen.

Methan und Staub treten
aus der Grube in die Luft.

Der Luftsauerstoff reagiert (Oxidation)
mit denim Boden enthaltenen schwefel- und

eisenhaltigen Gesteinen Pyrit und Markasit

Seite 66
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Effects of lignite mining on the soil and water balance

nach der Stillegung des Abbaugebietes
La rge Wate r d eman d fo r fI OOd i N g Die riesigen, neu geschaffenen Wasser-

flachen erhéhen dauerhaft die Verdunstung.

. 7
Of |ts Dey probleny | - Das Sulfat gelangt mit dem
- Verseuchung des Trinkwassers 2
; hochgepumpten Simpfungswas-
- Oberdiingung der Seen, in die Flo ie die S
2.8, Berfiner Moggelsee ser in die Flusse wie die Spree.

Groundwater passes browncoal il =~

) o e l dop
|aye.rs. .> . -gﬁ;:rg:steme i ‘ k i’
- Acidification =

- Iron clogging (Verockerung)

Geldste Wasserstoffionen
fihren zu einer Ver-
sauerung des Wassers.

Die Pyritverwitterung filhrt beim
~| Wiederanstieg des Grundwassers zur
| Freisetzung von Sulfat- sowie Eisenionen.
,f"- 5 -

Es bildet sich Eisenhydroxid-
schlamm, der auch
Schwermetalle enthalt. Dieser
setzt sich in den Kiemen der

Fische ab und Pflanzen sterben.

Fred Hattermann
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Self-flooding with groundwater (GW)

GWN
l Erosion New GW
— — — \ — —
GW level
because of
mining

pH 6-7
FeS; + 3,750, + 0,5H,0 — Fe** 42802~ + H

Fred Hattermann Seite 68
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Iron clogging (Verockerung)

Fred Hattermann Seite 69
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Water transfer (flooding) from next rivers

ow

p ET r Erosion
1 I GW level

Kippe  while flooding

lllllllllllllllllllllllllllllllllllllllllllllllllll
.....
. LY ]
....
. L]
. -
. .
----
. ‘a
--------
-

N
4 %/md GW level
~ — _ﬁ_ -

RN

Benefits:
e Displacement of acid groundwater
e Dillution of acid lake water

Fred Hattermann

¢ Chemical compensation/ neutralisation of the lake water

Seite 71



@

Hochschule
fiir nachhaltige Entwicklung
Eberswalde

Challenges to restore the mining landscapes

Low water
availability

Low
discharge

Schwarze Elster bei Buchwalde

-30m
Janschwalde

20m
Schlabendorf

.4 Cottbus cmbr‘-js-/ —
« ‘ ‘\\
LMBV R

————————
Lausitzer und Mi
Bergbau-Verwaltungsgesellschaft mbH

“LEAGDQ

ca. 730 km?
ca. 6 Mrd. m?

Water quantity

Water quality

Fred Hattermann
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High concentration
of sulfate

Iron clogging

Spree bei

Biihlow Seite 72
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Water management concept — flooding of the pits

Bereits entstandene
Wasserflache = 14.000 ha

Geplant: ~16.000 ha (LMBV +
TugeySeesoest 7.700 Hektar der LEAG)

Schonfelder See =
N

Libbenau

Luckau
2L Tagebau Schiabendorf-Nord Tagebau Seese-Ost
Kahnsdorfer See

Bischdorfer See

w
Janschwalde

Tagebau Jinschwalde

Tagebau Schiabendorf-Siid

Drehnaer See Calau —
Stiebsdorfer See = : £
Tagebau Griabendorf ] — /
Schiabendorfer See Grébendorfer See -
)/Scnnewalde
y Legende
Altdébern Betriebsflachen
" |
Doberlug- Finsterwalde Vattenfall Europe
| Kirchhain mm  Landschafisee/
. - Tagebaurestsee
Tagebau Sedlitz/SkadofKoschen [ ’ / Bebem
Z ) Sanierungsfidchen
) Tagebau Kiettwitz-Nord Partwitzer See (Skado) - der LMBV/
Tageba Kieinleipisch Pegnecesoe N
P! Geierswalder See (Koschen) Tschemitz Tagebaubezeichnung
Griinhauser See-Ost SilEeE
Grinhauser See-West : Neuwieser See (RL Bluno) 1
inieini Tagebau Meuro. -
Kieinleipischer See g ’ Blunoer Siidsee (RL Nordschlauch) )
Heidesea : e e o
1 Sabrodter See (RL Nordrandschiauch) A Gorlitz ]
Bergener See (RL Siidostschlauch) vy fl
: L Tagebau Berzdorf J
formrey Tagebau Spreetal NO | IALSIVEEES ’ Berzdorfer See [
Fizesa J Spreetaler See ~3 N

Tagebau Burghammer

Bernsteinsee Tagebau Nochten 7
Tagebau Lohsa Il j o /|
Scheibe See SB Lohsa Il Hbe /
. \
Restioch Heide Tagebau Dreiweibern

- '
y SB Dreiweibern Tagebau Reichwalde (

== o

Lauchhammer

-
Schwarzheide

Tagebau Scheibe

! :
» >
Ortrand Bernsdorf F T2l Bibvalde Reichwalde

L 4 Tageau Olbersdorf Seite 73
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Water quantity — water deficits

DWD Station Kubschtitz Bautzen

2.500

2018 2019 2020 L

™
o
Qo
=]

=
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AN: - 249 mm
. AN:-358mm ___

500

kumulierte Niederschlagssumme [mm]
=
(=)
o
(=]

0
Januar 18 Juli 18 Januar 19 Juli 19 Januar 20 Juli 20 Januar 21
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Climate change impacts on Berlin inflow (8 m3/s needed)

|
|
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=il
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I

Un-managed flow GrolSe Tranke

a b g
o o _| o _|
w 0w w
SWIM =t EGMO ] T
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” L] 1
ES8 E8
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S0 o]
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Woche Woche SRR R
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Problem/ Pressure Adaptation
measure

*A problem may have more than one solution etc.

Fred Hattermann Seite 76
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Adaptation options
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Water deficit in Germany
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Energy — Water — Carbon
/ A surface energy fluxes \( Hydrology \ﬁ Carbon Cycle \

Precipitation
Diffuse solar o
radiation Interception ‘* Autotrophic
\ %5 Momentum fiux respiration
= wind speed
Direct E’é 1] Yy
solar - s
radiation Transpiration
Reflected g_s -;;
solar =X
radiation Absarbed BB | L
solar g-
\/ radiation 5

Source. Bonan et al, 2008

Fred Hattermann
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Thermal image (Landsat, August)

53°30'N I

53°00N

51°30'N

Fred Hattermann

Umsetzung der Wasserrahmenrichtlinie im U
Land Brandenburg
W

Karte der Flachennutzung nach CORINE Landcover
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Predominant regional biophysical cooling from recent land cover
changes in Europe (Huang et al. 2020, Nature Communications)
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From 1992 to 2015, approximately 25 Mha of -y ;
agricultural land was left abandoned. Declines éi-;{f"%Fi @) ol
in agricultural land mostly occurred in favor v '-

of forests (15 Mha, 7 Mha of net gain) and 40°N s ]
urban settlements (8 Mha).
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Two simulations with the land cover in 1992 30°N|
and 2015 are performed and the resulting
relative differences in 2-m air temperature
and surface air humidity investigated.
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Regional climate model WRF (Weather
Research and Forecasting model)
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Proportion of annual precipitation from land evaporation.

Average ratio of recycled precipitation (1999-2008). The higher the number, the more precipitation
comes from land evaporation (Van der Ent 2010 & 2014).
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Forest conversion

Groundwater recharge is higher
under broadleaf forest than
under coniferous forest

About 40 % of Brandenburg is
covered with forest, around 1.1
million hectares.

More than 75 % of this is pine
forest.

Fred Hattermann
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Examples for adaptation in agriculture

Under discussion, but often of little effectiveness in
practice:

e Reduced tillage
* Increasing the humus content of the soil

e Agroforest

* Higher water use efficiency through CO, fertilisation

effe Ct (Foto: Philipp Weckenbrock; https://www.uni-giessen.de/fbz/fb09/forschung/zentrenundprojekte/agroforst)

e Adaptation to shift in the vegetation period

Fred Hattermann 84
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Irrigation

e |In Brandenburg currently mainly in private areas, on sports fields, in parks, and for special crops (e.g.

guality potatoes).

e High evaporation when applied during the day and with the usual technology

e High costs and high effort for the installation of drip irrigation

Fred Hattermann
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Maximal groundwater recharge

e Minimal
evapotranspiration (low
plants, shading of the
soil).

» Protection against erosion S _ | SRS
caused by heavy rainfall ~ ESEEEEE &, S8 S 31 (A SEEERE

e Energy efficiency approx.
10x that of bioenergy

(https://um.baden-wuerttemberg.de/de/energie/erneuerbare-energien/sonnenenergie/photovoltaik/photovoltaik-freiflaechenanlagen/)
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Alternative Agri-Photovoltaik?

Solar panels over arable or vegetable fields (e.g. Fraunhofer ISE 2020).

Positive effects:

Getrennte Flachennutzung auf 1 Hektar Ackerland: 100% Kartoffeln oder 100% Solarstrom

e Multiple use of the area

e Lower evapotranspiration due to shading

1 Hektar 1 Hektar

e Lower wind speeds ke sor

100% Kartoffeln ~ oder  100% Solarstrom

e Protection against heavy rain

. . Gemischte Flichennutzung auf 1 Hektar Ackerland: 186% Landnutzungseffizienz
Beweglicher Movertisch

PV-Modul 318

Stellmotor Steuerung und
Wechselrichter

< West

Ost >

1 Hektar

——

103% Kartoffeln
83% Solarstrom

barierefreie Bodenverarbeitung

Bild 9: Querschnitt der Agri-PV-Anlage in Weihenstephan. © 2020 B. Ehrmaier, M. Beck, U. Bodmer
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Water retention in wetlands/ paludiculture

Plus:

e High ecological value

e Cooling by evapotranspiration
e (Carbon storage

Minus:

e The bog and riparian vegetation has
never "learned" to use water sparingly.

g
S

-

NS

=> Therefore, especially in small wetlands,
disproportionate transpiration!
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Sponge cities

Sponge city in Berlin

* Increase of groundwater
recharge

* Flash flood protection

* Cooling effect

Fred Hattermann
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Adaptation in cities

Smart cities world

Fred Hattermann
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Restoration of river landscapes
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Restoration of river landscapes
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Possible task for the groupwork

Adaptation in a water related sector / field:

* Cities (adaptation to flash floods, droughts, heat waves),
* Nature based solutions in river basins or landscapes,

e Re-thinking water storage (at different scales),

* Adaptation to counteract erosion,

* Integrating adaptation and mitigation,

* Water re-use

Fred Hattermann Seite 94
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Problem/ Pressure Adaptation
measure

*A problem may have more than one solution etc.

Fred Hattermann Seite 95
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Thanks!
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