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Part A The Millennium Ecosystem Assessment:
Main findings of the first comprehensive global
assessment of nature

Part B The WaterGAP model: Global modeling for
global assessments
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Part A The Millennium Ecosystem Assessment:
Main findings of the first comprehensive global
assessment of nature

T |

=
D
=
%
=
§'
O
o
=
=
=
=
-
=




Goals of millennium ecosystem assessment

Create a mechanism to increase the amount, quality,
and credibility of policy-relevant, scientific research
findings concerning ecosystems & human well-being
used by decision-makers, particularly those involved
In the ecosystem-related conventions.
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Largest assessment of the status of Earth’s ecosystems

Experts and Review Process
» Prepared by 1360 experts from 95 countries
» 80-person independent board of review editors
» Review comments from 850 experts and governments
* |ncludes information from 33 sub-global assessments
Governance
» Called for by UN Secretary General in 2000

» Authorized by governments through 4 conventions
(Biodiversity, Climate, Desertification, Wetlands).
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Organization

Board

Assessment Panel
Working Group Chairs

Support Functions Outreach & Engagement
Director, Administration,
Logistics, Data Management

Sub-Global Assessment Condition Scenarios  Response Options
Working Group
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Increases in ecosystem services have brought substantial
gains in human well being

Since 1960, population doubled, economic activity increased 6-fold,
food production increased 2 V2 times, food price has declined,
water use doubled, wood harvest for pulp tripled, hydropower
doubled.

But gains achieved at growing costs that could diminish the
benefits that future generations obtain from ecosystems
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Cost of increased ecosystem services:
(i) Unprecedented change in ecosystems

Since 1945:
88 More land converted to cropland than in
&= 18th and 19th centuries combined

' Over last several decades:
20% of the world’s coral reefs lost, 20%
degraded

Over last several decades:
35% of mangrove area lost

:

Since 1960:
Amount of water in reservoirs quadrupled
Withdrawals from rivers and lakes doubled




Cost of increased ecosystem services:
(if) Significant and largely irreversible changes to
species diversity

= The distribution of species more Extinctions / 1000 species / 1000 years

h O m Og e n O u S :E.:::i;;ic-ms per thousand species per millennium h i
. ) Distant past Recentpast  Future
= H umans increase s peCI es (fossil record)  (known extinctions) = (modeled)

1 1 10 000 A Projected future
extinction rate by as much as _ ctmes
1,000 times over background i highe et ient =6
rates (medium certainty) Sivasladindionrale

. 100 i§ up to one thousand
* 10-30% of mammal, bird, and | B tmes higher an e
amphibian species currently 10 1 e e e

every millennium

threatened with extinction —
=

Long-term average
extinction rate

(medium to high certainty)

0.1 1
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Marine Mammals Mammals Birds Amphibians All species
species

Source: Millennium Ecosystem Assessment




Cost of increased ecosystem services: (iii) Degradation
and unsustainable use of ecosystem services

= ¥ 60% (15 out of 24) of ecosystem services are being degraded
or used unsustainably

» Degradation of ecosystem services often causes significant harm
to human well-being
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Cost of increased ecosystem services: (iv) Degradation of
ecosystem services harms people

= %, urban population in Africa, Asia, Latin America, and the
Caribbean suffers from one or more diseases associated with
inadequate water and sanitation

» Decline of freshwater fisheries reduce inexpensive source of
protein in developing countries.

» Desertification destroys livelihoods of millions of people,
including a large portion of the poor in drylands
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The MA Assessment of Condition of Ecosystems Services
Main Findings ...

Increases in ecosystem services have brought substantial
gains in human well being

Cost of increased ecosystem services:

-- Unprecedented change in ecosystems

-- Significant and largely irreversible changes to species diversity

-- Degradation and unsustainable use of ecosystem services
which harms society
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The Future of Ecosystem Services
The MA Global Scenario Analysis

Obijectives

1) To assess magnitude and direction of changes in ecosystem services
up to 2050 (2100) and their reliability.

2) To investigate effect of different developments in population,
economy, technology and societal values on changes in ecosystem
services.

3) To develop preliminary ideas about effective future policies.
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The MA Global Scenario Analysis:
4 Scenarios

* Not predictions — scenarios are plausible
futures

» Scenarios: both qualitative and
quantitative

Present
Conditions
& Trends

Global
Orchestration

:

Order from Adapting
Strength Mosaic

Reactive Proactive

Approach to Ecosystem Services




The MA Global Scenario Analysis:
Qualitative: Scenario Storylines

* Global Orchestration Globally connected
society; intensified global trade and
economic liberalization; invests in public
goods (infrastructure & education);
reactive approach to ecosystem problems;

= Order from Strength Regionalized and
fragmented world; concerned with security
and protection; regional markets; little
attention to public goods, reactive
approach to ecosystem problems.
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The MA Global Scenario Analysis:
Qualitative: Scenario Storylines

» Adapting Mosaic Regional watershed-scale
ecosystems are focus of political and economic
activity; local ecosystem management strategies
are common; strongly proactive approach to
management of ecosystems.

» TechnoGarden Globally connected world
relying strongly on environmentally sound
technology; proactive approach to the
management of ecosystems — managed, often
engineered, ecosystems.
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The MA Global Scenario Analysis:
Quantitative: The Global Modeling Exercise

Species change Maring
EcoSim ™ biodiversity
Irrigated area
and efficiency WaterGAP River discharge
Driving forces: v
F
ecanomy Agricultural produc- Climate Aquatic
IMPACT tion and vields Electricity demand
demography Livestock biodiversity
technology ¥
social and T Clmgta impact on
institution Y IMAGE

development

Land cover change
Climate patterns
_ Climate patterns Nitrogen deposition | Terrestrial
AIM < biodiversity
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Gains in ecosystem services:

Food production

By 2050:
Food production increases by
70—85%.

Child malnutrition decreases
under 3 of 4 scenarios.

Million undernourished children
2004
180+

> Current
level

160

140 ‘ '
120
100
80 1
60-
40
20
0

Global Order from  Adapting
Orchestration  Strength  Mosaic recnnoGarden

Source: Millennium Ecosystem Assessment

Child undernourishment in
2050 under MA Scenarios



Intensified tradeoffs between ecosystem services
Agriculture land expands over grasslands and forests

Fraction of potential area converted

By 20580: -10 0 10 20 30 40 50 60 70 80 90 100%
MEDITERRANEAN FORESTS, .I_

Expansion of agricultural land  “woeouwes avoscre
TEMPERATE FOREST

main cause of 10—20% loss of STEPPE AND WOODLAND 'I I

TEMPERATE BROADLEAF

natural grassland and forests AND MIXED FORESTS

TROPICAL AND
SUB-TROPICAL DRY
BROADLEAF FORESTS

' B
_ _ IR

Loss of services associated FLOODED GRASSLANDS -
N =

AND SAVANNAS

with grassland and forests TROGRASSLANDS, SAVANNAS:

AND SHRUBLANDS

(wood products, medicine, TROPICAL AND SUBTROPIOAL
climate regulation) DESERTS i \

s loss  Loss
1950-90  1990-
2050

TROPICAL AND SUB-TROPICAL
MOIST BROADLEAF FORESTS
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TEMPERATE
CONIFEROUS FORESTS ._ Loss

BOREAL up to
FORESTS |' 1950

TUNDRA I—

Conversion of original biomes

Loss b Loss between Projected loss
1950 Y 1950 and 1990 - by 2050°




Gains in ecosystem services:
Freshwater services

Cubic kilometers per year

e
By 2050:

Global water availability -

increases by 5 —7% -
Water withdrawals increase | osnasaton

30% - 85% -

4 000

Current global
annual water
withdrawal

3000

2000
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Source: Millennium Ecosystem Assessment

Water Withdrawals in 2050
under MA Scenarios
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Intensified tradeoffs between ecosystem services
Freshwater

Higher income & Increase in ecosystem services

—p Development of water

investments in -
nfrastructure
technology ! uetd Greater access Greater health
¢ to water supply benefits & well-
/ — 3 being
Increased water
Increase/decrease in withdrawals
water availability ¢ Decrease in ecosystem services
T I Increase in water stress,
. Greater. waste- Decrease in freshwater habitat.
Climate water discharges
change \
Decrease in volume of clean
water
| ]




Increased likelihood of nonlinear changes

Changes being made in ecosystems are increasing the likelihood of
nonlinear changes in ecosystems (accelerating, abrupt, and
potentially irreversible changes) important consequences for
human well-being.
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Example of nonlinear change

Fisheries collapse
1992: Collapse of Atlantic cod fishery il
off coast of Newfoundland

Newfoundland Cod Fishery

800 000

Invasive alien species 700 000
Introduction of zebra mussels into 600 000
North American aquatic ecosystems -
caused $100 million damage to power
industry, other users

400 000

300 000

200 000

Rapid regional climate change
Desertification causes decline in = N x
regional preCipitation (AfriCa, Latin ?8_50 1_860.-18701880 1890 1900 1910 1920 19:;0 19;10 1950 1960 -1.970-1‘930 1990 2000
America) & further changes in forest

cover

100 000
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Factors causing increase in likelihood of nonlinear changes

» |Loss of species and genetic diversity ©; decreases resilience of
ecosystems

» Growing pressures from drivers: over-harvesting, climate change,
iInvasive species, and nutrient loading & push ecosystems toward
thresholds that they might otherwise not encounter
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MA Global Scenario Analysis:
Main findings

= Ecosystem services will increase but their reliability is unclear
» Tradeoffs between services will intensify

» Likelihood of abrupt changes in world ecosystems is increasing
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' art B The WaterGAP model:
Global modeling for global assessments




WaterGAP 2 Model
- Overview -

Water Availability
-Land Cover Water _ Runoff
Climate : Availability » Groundwater recharge

y

River Basin
Water Stress

slncome Water Wastewater
oTechno|ogy Withdrawals Loadings

Climate ¢ T

*Population




WaterGAP 2
- Global Hydrologic Model -

 Land Cover ( Albedo) Potential

* Cloudiness Evapotranspiration

* Temperature \ Actual

 Land Cover ; Maximum Soil / SR
(Rooting Depth) Water Content T

: + SOIL WATER
Rain & Snowmelt [N
I v BALANCE

{ -

Surface Runoff
&
Groundwater Recharge

» Slope
* Texture




Testing the Global Hydrologic Model

Mississippi
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—a— Simulated (WaterGAP 2.1b) —a— Simulated (WaterGAP 2.1b)

1979 1984

Yujiang

Discharge [km3/year]

Discharge [km3/year]
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—a— Simulated (WaterGAP 2.1b) —a— Simulated (WaterGAP 2.1b)
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Data Requirements: e.g. Drainage Direction

DDM30: Runoff network
mapped onto 0.5° grid

Quelle: WaterGAP, 2000



WaterGAP 2
- Water Use Model -

*Population
‘Income
*Electricity usage
*Type of power plant cooling

Water use intensity
Manufacturing production

*Irrigated area
*Cropping intensity
Livestock intensity

‘Water use efficiency
Climate

Domestic
Water Use

Electricity
Production
Water Use

Manufacturing
Water Use

Agriculture
(Irrigation
+livestock)

Water Use




WaterGAP 2
- Water Use Model : Domestic Sector -

Water Intensity (m3/cap-a

Domestic

&

Income

Structural Change
(changing behaviour
and infrastructure)

Water Intensity

Domestic

>
Time

Water Intensity

Domestic

>
Income & Time

Structural & Technological Change

Technological Change
(improving water use
efficiency)




Domestic Sector
Northern Europe

Domestic Sector: Water Intensity

1)

normalized
intensity (1995

Model

o Historical Data

20.000 40.000 60.000
GDP/cap

Domestic Sector: Total Withdrawals

km?3/year

o Historical Data

1950 1965 1980 1995 2010
Year




WaterGAP 2
- Water Withdrawals Model : Irrigation -

Crop-Specific Evapo-

- Cropping Intensity_> ropping Patterns = transpiration

* Soil Characteristics

* Irrigated Area

Precipitation
perat . v- T+
. Prec|p|tat|on - GrOWlng Season | kem

Net Irrigation
-> :
Requirements

- Irrigation Efficiency |
(field efficiency) v

Irrigation

Water Withdrawals
- per 0.5° grid-cell -




Water Use for Irrigation (mm/a)

Map 8. Water withdrawals for irrigation on a global grid, .
ciree 1995 [mmial] Doell & Siebert 2002
- (c) Center for Environmental
Systems Research,
University of Kassel,
0 0.01 3 1 10 100 [max 2290] no water April 2002- Water GAP 2.1D
withdrawals

for irrigation




What are the WaterGAP results for the
Millennium Ecosystem Assessment?




Change in annual water availability
(Global Orchestration 2050)

Change in annual water availability
(Techno Garden 2050)

Percentage change

-50

-25

50

(c) Center for Environmental
Systems Research,

|:| University of Kassel,

no data October 2003- Water GAP 2.1D

Percentage change

-50 -25

'
(&)]

50

(c) Center for Environmental
Systems Research,

|:| University of Kassel,

no data October 2003- Water GAP 2.1D

Change in annual water availability
(Adapting Mosaic 2050)

Change in annual water availability
(Order from Strength 2050)

Percentage change

-50

-25

50

(c) Center for Environmental
Systems Research,

|:| University of Kassel,

no data October 2003- Water GAP 2.1D

Percentage change

-50 -25 -5

50

(c) Center for Environmental
Systems Research,

|:| University of Kassel,

no data October 2003- Water GAP 2.1D




Uncertainty of Precipitation Estimates
(2070s : GCM Comparison, A2)

Comparison of changes in annual precipitation
(A2 scenario 2070s, HadCM3 and ECHAMA4)

. L (c) Center for Environmental

stable condition contradiction Systems Research,
University of Kassel,

November 2002- Water GAP 2.1D

[2070s to climate normal,1961-1990]




Water
Withdrawals

[1.000km?/a]
4
o
Current Global Techno Adapting Order from
Orchestration Garden Mosaic Strength WaterGAP
1,4
O livestock
O irrigation
m industry
0,7 @ domestic
OECD (2050)
0.0
Current Global. Techno Adapti}lg Order from
Orchestration Garden Mosaic Strength
0.4
Sub-Saharian
Africa (2050)
0,2
— — — —




1.500

_ _ _ Consumptive
Freshwater provides service for agriculture -- « e
1.000 . Irrigation
irrigation
o _ Water Use
soo | [rrigation reduces other ecosystem services of [km3/a]
freshwater — aquatic habitat, other water uses
o LN T T T o0 2050

Global Techno Adapting Order from

Current Orchestration Garden Mosaic Strength

300

200 | B WaterGAP

OECD (2050)

100 -

Global Techno Adapting Order from

Current ) i
Orchestration Garden Mosaic Strength

40

Sub-Saharian
Africa (2050)

20
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Increasing water withdrawals will interfere with
1| other ecosystem services provided by freshwa
especially those needing high quality water
(aquatic ecosystems, household water use)

Global Techno Adapting

Current ) i
Orchestration Garden Mosaic

B S N I I (s I s —

ter,

Order from
Strength

Global Techno Adapting

Current ) X
Orchestration Garden Mosaic

Order from
Strength

Polluted

Water volume
[1.000km?/a]

World (2050)

B WaterGAP

OECD (2050)

Sub-Saharian
Africa (2050)



Water Stress Indicator
withdrawals-to-availability ratio

For each wta = Annual Withdrawals
River basin Annual Availability

Common guideline for severe water stress : wta > 0.4




Withdrawal to availability ratio
(Order From Strength 2050)

_ (c) Center for Environmental
_ Systems Research,
0-0:2 0-2_ -0.4 University of Kassel,
[low water stress] [mid water stress] [severe water stress] no data October 2003 - Water GAP 2.1D




6000

3000

[S]ele]

400

200

S00

400

=200

e [N
Combination of population increase, reduced

precip in some areas, and increasing water
withdrawals means that many more people will be
affected by high water stress conditions

I I N N =

Current Global Techno Adapting Order from
Orchestration Garden Mosaic Strength

Current Global. Techno Adaptipg Order from
Orchestration Garden Mosaic Strength

Population
affected by high
water stress
(wta > 0.4)

[million people]

World (2050)

B WaterGAP

OECD (2050)

Sub-Saharian
Africa (2050)



Conclusions of WaterGAP Analysis of Freshwater
Ecosystem Services

Freshwater ecosystem services will increase:

Global withdrawals (up to 2050) increase 30 to 70% (irrigation, industry,
households)

But tradeoffs of ecosystem services:
Gain in some services causes loss of other services ...

Expansion of irrigated land @; stabilization of food supply

But ...

Water consumed by irrigation increases up to 50% & less water for
other services.

Increased withdrawals ©; additional services (municipal water supply,
agriculture, manufacturing)

But ...

Volume of ,polluted” water increases worldwide 1.5 to 2.5x (in Africa,

9x) € reduced fisheries, other habitat




Achievements of the Millennium Ecosystem
Assessment

= First comprehensive multi-disciplinary assessment of the state of
nature (marine fisheries, water resources, forestry, biodiversity).

= Assessment of not only current status but also the future of ecosystems.

* By linking ecosystem services with human well being, makes a bridge
to those who believe environmental protection must be sacrificed for
the sake of economic development.

Environmental protection is consistent with economic
development
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