Scenarios for Driving Forces

Employing a Participatory Scenario Development Process

Futures of European Waters how should policies adapt?
SCENES Water Scenarios final results

Hungarian Academy of Sciences

Budapest

23 March 2011

@@= Science for
w» Global Insight




%\ Driving Force Scenario Development

Scenario development Process

1. Stakeholders identified relevant factors
Stakeholders described changes in these factors
Stakeholders provided some quantitative estimates

Based on storylines and estimates from
stakeholders, modeling teams further described
changes in driving forces and produced quantified
scenarios.

5. Return to step 2.
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Scenario Storyline Development

m Stakeholder Panels

 Water Use
» Sectors: Agriculture, Energy, Industry, Domestic, Environmental
» Political security, governance, public involvement
« Policy, valuation (WFD, CAP)
« Economic growth and consumption patterns (global and local)
« Demographics ~ | B
« Technological development ' il
» Agricultural development s
* Land use change
« Energy production
« Water availability
» Climate
» Current use
» Policy and management
» Desalination
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Scenarios

e Economy First

» Higher immigration

» Efficiency and technology improvements, but energy consumption high
» Abandonment of ag. subsidies, less production in less productive areas
» Increased pollution

* Policy Rules

Higher immigration in Southern Europe, high urbanization

Higher agricultural product prices and more production for food and energy
Wastewater reuse

Water pricing leads to more efficient use

Desalination plants use more energy in South, but alternative energy
increases

Water quality hurt by external demand, health affected in South, urban quality
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Scenarios

 Fortress Europe

» More focus on food and energy security, efficiency

» New technologies and conservation

» Decrease in immigration into the EU, within EU movement to water-rich areas
» Environmental regulations relaxed

e Sustainability Eventually

More rural focus at the end

GDP less important — more barter, recession, decentralization

Promotion of greater biodiversity, less ag. demand, irrigation decreases
Population decreases and moves to water poor countries with nice climate
Technological development strong

Water demand reduced

YV V V VY V
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PEP1 Annual Population Growth Estimates

m Filtered through fuzzy sets

‘“———-—’

Qualitative Quantitative
Medium decrease -1.50%
Low decrease -0.83%
No change 0.00%
Low increase 0.83%
Medium increase 2.00%
High Increase 2.80%
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Implications of PEP1 Estimates

Probabilistic Population Projections vs. PEP
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PEP2 Population Growth Estimates

m Filtered through fuzzy sets

‘“———-—"

Qualitative % of initial pop
Medium decrease  75%

Low decrease 85%

No change 100%

Low increase 124%

Medium increase 157%
High Increase 163%
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EXxisting projections inadequate

S(eH=s

« SCENES scale/regionalization different than others.
!+ The SCENES storylines were significantly different.
|+ SCENES needs consistent projections across drivers,
time periods and regions.

 PEP estimates were not within the ranges of existing
projections or the likely ranges set by experts.
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SCENES Population Model

S(eH=s

o Cohort Component Population Projection Model
» P,., = survived population + births + net migrants
» Rates varied each time period.
» Optimization to near desired growth rate.

e Country level information required
» Population
» Age specific fertility, migration, and survival rates

’g Science for
w» Global Insight



%\ Population Model Parameter Estimation

NRE——

Scenario EcF FoE PoR SuE
SOCIAL VARIABLES (generally refers to EU member state weighted average).

net population growth Med-high Low High Medium
(relative to BAU trend)
fertility rates Med-high (?) Medium Medium-high Low
mortality rates Medium-Low Medium Medium-high Med-Low
demographic age structure Slightly Older older Slightly older older
in / net migration into EU Medium-high Very Low High Med-Low
internal migration within EU med-high

Mortality Migration Fertility

low 0.67 0.67 0.77

med low 0.83 0.83 0.88 Quantified
med- 0.92 0.92 0.94 Parameter
medium 1.00 1.00 1.00 Multipliers
med+ 1.08 1.13 1.08 Ranges
med high 1.15 1.25 1.15

high 1.30 1.50 1.30
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Regional Parameter Estimation

Time Period
2008-2025 2025-2050
Scenario Region Bounds Mortality Net Fertility Mortality Net Fertility
Migration Rate Migration
FoR NA Low low low low low low low
FoR NA Hi high high high high high high
FoR WE Low med- low med- med- low med-
FoR WE Hi med+ med low med+ med+ med low med+
FoR NE Low med- med- med- med- med- med-
FoR NE Hi med+ med+ med+ med+ med+ med+
FoR SE Low med- low med- med- low med-
FoR SE Hi med+ med low med+ med+ med low med+
FoR Eec Low med- low med- med- low med-
FoR Eec Hi med+ med low med+ med+ med low med+
FoR Eee Low low low low low low low
FoR Eee Hi high high high high high high
FoR WA Low low low low low low low
FoR WA Hi high high high high high high
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Regional Population Projections

Western Europe Northern Europe Eastern Europe Central
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. GDP vs. Population
e More commonly known
 More uncertain and volatile

» Less restricted by physics/biology
» Greater ranges possible
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PEP1 Annual GDP Growth Estimates

m Filtered through fuzzy sets

‘“———-—’
GDP growth rate 2005-2025 2025-2050
SuF Region WP WE EE WP WE EE
L No ch Medi Medi ===
Sustainability First (SuF) | " ochange | Medium Medium
increase increase increase
Region WE CE EE WE CE EE
) Medium Medium Medium Low increase | Low increase | Medium to high
Market First (MaF) increase increase increase increase
Security First Low No change Low Medium Medium Medium decrease
decrease decrease decrease decrease
(SeF)
PoF Region WE CE EE SEM | WE CE EE SEM
o Low Medium | Medium
Policy First (PoF) increase increase | increase
Qualitative Quantitative

-1.7%
0.33%
2.3%
4.5%

Low decrease

No change

Low increase
Medium increase
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Historic GDP Trends

Historic GDP in SCENES Regions
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PEP2 Annual GDP Growth Estimates

m Filtered through fuzzy sets

~—

EcF NA WE NE SE EEc EEe WA
2025(M+ 3.2 |L+ 1.3|L+ 1.3|L+ 1.3|L+ 1.3|M+ 3.2(L+ 1.3
2050(L+ 1.3|L+ 1.3|L+ 1.3|L+ 1.3|L+ 1.3|L+ 1.3|L+ 1.3

FoE
2025\ M+ 3.2 |L+ 1.3|L+ 1.3|L+ 1.3|L+ 1.3|L+ 1.3|M+ 3.2
2050(L+ 1.3|0 0.03|0 0.03|0 0.03|0 0.03|0 0.03 L+ 1.3

PoR
2025\ M+ 3.2 |L+ 1.3|M+ 3.2|L+ 1.3|M+ 3.2|M+ 3.2 M+ 3.2
2050 M+ 3.2 |L+ 1.3|L+ 1.3| L+ 1.3|M+  3.2|L+ 1.3[M+ 3.2

SuE
2025+ 1.3(- -1.1 )+ 13|+ 1.3|0 0.03]- -1.1(+ 1.3
2050 + 1.3]- -1.110 0.03 |+ 1.3|0 0.03]- -1.1(+ -0.03

’99-'08

Average 4.7 1.9 2.8 2.2 4.2 6.6 3.6

Min 2.7 0.4 0.4 -.05 2.1 4.6 -3.0

Max 6.0 3.6 4.2 4.2 6.2 8.4 8.9
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PEP 2 GDP Quantifications
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~ . National GDP downscaling
GDP growth rate as a function of GDP/ca

a- (GDPCAP g
GR.; — ( ] f} +c s N anfmaan,
(GDPCAP,)? + b LN

Or

GRI:(a-qu(GDPCAPIHb)

GDP per capita {1890USS)

Source: Grubler et al, 2007

Equations applied for each country.
Optimization ensures countries fit total regional values.
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National GDP downscaling
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% PEP 3 GDP growth rate revisions

EcF NA WE NE SE EEc EEe WA
2025 | M+ 3.2 | L+ 1.3 | L+ 1.3 L+ 1.3 | L+ 1.3 | M+ 3.2 | L+ 1.75
2050 L+ 1.75| L+ 1.3 L+ 1.3 L+ 1.3 | L+ 1.3 | L+ 1.3 | L+ 1.3
FoE
2025 | M+ 3.2 | L+ 1.3 L+ 1.3 L+ 1.3 | L+ 1.3 | L+ 1.3 | M+ 3.2
2050 | L+ 1.3|0 0.03|0 0.03|0 0.03|0 0.03|0 0.03 | L+ 1.3
PoR

2025 | M+ 3.2 | L+ 1.3 | L+ 1.3 | L+ 1.3 L+ 1.3 M+- 2.5 | M+- 2.5
2050 | L+ 1.3 | L+- 0.7 | L+- 0.7 | L+ 1.3 [ L+- 0.7 | L+ 0.7 | L++ 1.5

SuE
2025 | + 1.75] - -1.1 [+ 13|+ 1.3(0 0.03 |+ 1.3+ 1.3
2050 | + 1.3 |- -1.1(0 0.03 |+ 1.3(0 0.03|0 0.03 | + -0.03
’99-08
Average 4.7 1.9 2.8 2.2 4.2 6.6 3.6
Min 2.7 0.4 0.4 -.05 2.1 4.6 -3.0
Max 6.0 3.6 4.2 4.2 6.2 8.4 8.9
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GDP Scenario Projections after PEP3
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Projecting Thermal Energy Production

~ GDP vs Electricity Production

8
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Thermal Shares

Thermal Shares in SCENES Regions
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Thermal electricity production

m Parameterization for EcF scenario

e Clues in storylines

» High material consumption and increased resource
use per capita vs. less material intensive with
greater efficiency?

» EcF immediate push to reduce greenhouse gas
emissions

» Efficiency increases
» Greater transport energy requirement in EE

» Later thermal production increases with more
Nuclear and fossil fuels.

» Hydropower only increased in area of plentiful water
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Thermal electricity production

m Parameterization for EcF scenario

Region E/GDP slope multiplier Thermal Share (end of period) Change from historical
-2015 -2030 -2050 2000 -2015 -2030 -2050 -2015 -2030 -2050
EEc 0.98 0.9 0.8 0.97 0.97 0.92 0.82 0% -5% -15%
EEe 0.98 0.9 0.8 0.83 0.88 0.79 0.71 5% -5% -15%
NA 1 1 1 0.89 0.89 0.91 0.93 0% 2% 5%
NE 0.98 0.9 0.8 0.73 0.76 0.69 0.62 5% -5% -15%
SE 0.98 0.9 0.8 0.80 0.84 0.76 0.68 5% -5% -15%
WA 1 1 1 0.80 0.80 0.82 0.84 0% 2% 5%
WE 0.98 0.9 0.8 0.88 0.92 0.83 0.75 5% -5% -15%
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m Sample scenario projections
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Thermal Electricity Production
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Land Use/Agriculture Production Projections

g‘ EE g AEZ/BLS system

Ecological-Economic Analysis

AEZ
Impact Response
Relations
-<—> Demand
I ‘L T BLS

Global Food System
(Basic Linked System)

!

Trade
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Land Use/Agriculture Production Projections

g‘ 2‘;’2 g AEZ/BLS system

Land utilization type Soils /
cFiescriptions:- Terrain slopes /
nput: -
-? rr?] m? - - 7 Forest/protected areas /
scuhoagy . Climate change
Management Climate database Stanatios. Land use/cover /
Socioeconomic context 1901-1996 ' Population /
B ulatio
Crop catalog: | | ¢
Crop adaptability ,L
Ecological requirements Land
Biomass parameters, etc. Climate analysis I< resources
‘L database
Matching of crop
Global Agro-ecalogical Assessment > requirements with land resources

for Agriculture in the 21st Century Biomass an'd- Y.IEId estimation

v

Crop suitability and productivity |

v

Land productivity of cropping systems l

J

Multiple-criteria analysis | <€— Policies, socioeconomics, demography

v }

Agriculture production options for development planning I

Figure 1. AEZ methodology.
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Land Use/Agriculture Production Projections

m AEZ/BLS system

Food and Agriculture
Organization of the
United Nations

for a world without hurae
B e e

= Downscaled Crop Production
+ Scenarios (POP, GDP, Energy) + BLS (Global Food System Economic Model) ]
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Land Use/Agriculture Production Projections

m Crops and Livestock for SCENES

 Cereals: wheat, rice, maize, other cereals

« Other crops: root crops, sugar crops, pulses, oll
/| seeds/crops, fruit, vegetables, stimulants, fibres and
tobacco

e Fodder crops
 Ruminants: cattle and buffalo, sheep and goat
« Other livestock: other large animals, pigs, and poultry.
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Cereal Production Scenarios
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%\ Summary

‘“———-—"

e 3uccesses
» Knowledge and experience gained
» Consistent driver projections produced
» Set of projection models built
"« Lessons learned
» More guidance needed for panels
» Reduce complexity: Simplified presentation of select drivers and
options
» Faster inter-scenario feedback needed during meetings
» Process most effective when motivated by needed decision
» Integration of bottom-up and top-down approaches beneficial
« Ultimate objectives

» Continuous stakeholder involvement at all scales for adaptive
management.

_ » Real-time decision support systems for testing scenario options
g Science for
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Regional Population Projections

Western Europe Northern Europe Eastern Europe Central
220 : : 130 : : 70 : :
7 200 120 65 -
o
£ 180 110 60
E 100
s 160 % 55 - s UN Range
B 140 50 - S—Eck
_3_ 80 ] = FOE
& 120 70 45 = —#—PoR
== SUE
100 r T r 7 1r1rrr r v 7 1717 117 117 17 1711 60 40 T T T T T T T T T T T T T T T T T T T T 1
O O O O O O O O o O o OO O O O O O O o o O o OO O O O O O O O O O o
n O ™~ O O d &N MM < n O ™~ 0 O O o &N N < n O I~ 00 OO O o N N <
A 0O OO0 OO OO O O O O O O a o 6O OO0 0O O O O O O O a O O oo O O O O O O O
I = 1 AN NN AN NN T =" H =" " &N &N N N N N T = =+ —d 4 &N &N N N N N
Eastern Europe East Western Asia Southern Europe
260 . — 300 . — 180 . .
240 250 170
160
220 200 150
200 mm UN Range 150 140
mm UN Range
== ECF mm UN Range 130 I
i = FOE c
FoF 120 mm FOE —
160 +———— —@®=PoR 50 —o—POR
—<=SuE —¢—PoR 110 —=SuE o
140 T T T T T T T T T T T T T T T T T T T T 1 O T T T T T T T T T T T T . *SUE . . . . 100 T T T T T T T T T T T T T T T T T T T T T 1
O O O O O O O o o o o O O O O O O O O o o o O O O O O O O o o o o
n O© I~ 00 OO O d oN N I uwn n O N 0 O ©O 04 &N NN < un n O N 00 O ©O o4 6N N < un
a oo O o O O O O O O o a OO O o O O O O O O o a oo O o O O O O O O o
I 1 1 =+ N N N N N N YT " " =" NN NN NN YT " " =" NN NN NN

‘g Science for
w» Global Insight



CHINA'S
CHANGING
LAND

THANK YOU

http://www.llasa.ac.at/Research/LUC
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3(5”8 Land Resources & Agro-ecoloqgical Zoning:

é‘g Global Agro-ecological Zones

GAEE SIS Heip

Land Rescwces
Agro-climatic Resources
Suitadsity and Pobenbad ¥igld
Brdus Yisld and Producion
"fecdd el Production Gaps

GAEZ ‘Web Imertace

Tha Imamatonal Inssiuin tor Applied Syslams Anabses (BASA] and e Food and Agrculiurg Organizshon of T
Linilad Mations [F&O) haws bean conhmucusly devaloping ©e Agro-Ecalagical fones (A4S mathadology over e
past 10 years lor assEssNg agnouiiural rescwrces and poiemial. Raped desslapmss i informalion Rchnokogy
have prodoced iNnCREsmngly delailed and manifold global Estabases. which hass made tha Arsl gooal KEL
assessmen possidie n 2000 Since than giobal AE7 assessments fRae Deen periprmmed ey few pears Wil
ma dala baing publishsd en GO pr OYD Win aach upasts of o SFslam, Mo ISEUSS addmssed, e 50 of T
dalaiases and e pumber of resulls has muBpliad GAET 3009 |5 the mest ambbows assesamend yol and e
goad is ko makn publidy avmlabla o onhme database and all msu¥s of fis assesement This amounts (o many
Tarabsies of dala covenng frm themabc areas

& land resources, iIncluding soils, lemaen. and land coeer;

& Agro-Cmalic reEGITEE, Including 2 variety of cimalic indcalors

& agrcultura sutasity and poterdal ylalds Tor some 5O crop ipses uncer midlipls managemant leamls

* fdownscaled aciual vishds &nd prodution of aboul 25 crops; and

& FEid gaps in terms of fiflemnces heteeen tha polentkal pields & vanows Bwels of inpa andg the aciual
dowmscaled pelds of opps

With this hige amodnd of data @ neWw BrEtam had 1o 58 craaled 1o mai the dabs scoeRsiDe o & wanshy of uEers
The result i he new GAET Webimiedsce. which not only gives sccaes and alioes visuesizshon of data Bl 50

provddes the ussr wilh vanous snalysis and downioed apks
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Thermal electricity production

m Parameterization for FOE scenario

Region  E/GDP slope multiplier Thermal Share (end of period) Change from historical
-2015 -2030 -2050 2000 -2015 -2030 -2050 -2015  -2030  -2050
EEc 0.98 0.9 0.8 0.97 0.97 0.92 0.82 0% -5%  -15%
EEe 0.98 0.9 0.8 0.83 0.88 0.79 0.71 5% -5%  -15%
NA 1 1 1 0.89 0.89 0.91 0.93 0% 2% 5%
NE 0.98 0.9 0.8 0.73 0.76 0.69 0.62 5% 5%  -15%
SE 0.98 0.9 0.8 0.80 0.84 0.76 0.68 5% -5%  -15%
WA 1 1 1 0.80 0.80 0.82 0.84 0% 2% 5%
WE 0.98 0.9 0.8 0.88 0.92 0.83 0.75 5% -5% -15%
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Thermal electricity production

m Parameterization for POR scenario

Region E/GDP slope multiplier Thermal Share (end of period) Change from historical
-2015 -2030 -2050 2000 -2015 -2030 -2050 -2015  -2030 -2050
EEc 0.99 0.98 0.95 0.97 0.95 0.95 0.73 -2% 2% -25%
EEe 0.99 0.98 0.95 0.83 0.82 0.82 0.63 -2% 2%  -25%
NA 1.02 1.1 1 0.89 0.87 0.87 0.80 -2% -2% -10%
NE 0.99 0.98 0.9 0.73 0.71 0.58 0.47 2%  -20% -35%
SE 1.02 1.1 1 0.80 0.78 0.78 0.60 -2% 2% -25%
WA 1.02 1.1 1 0.80 0.79 0.79 0.72 -2% -2% -10%
WE 0.99 0.98 0.9 0.88 0.86 0.86 0.66 -2% 2%  -25%
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Thermal electricity production

m Parameterization for SUE scenario

fi Region  E/GDP slope multiplier Thermal Share (end of period) Change from historical

-2015 -2030 -2050 2000 -2015 -2030 -2050 -2015  -2030  -2050
EEc 1 1 1 0.97 0.97 0.95 0.92 0% -2% -5%
EEe 1 1 1 0.83 0.83 0.82 0.79 0% -2% -5%
NA 1 0.95 0.7 0.89 0.89 0.84 0.71 0% 5% -20%
NE 1 0.95 0.9 0.73 0.73 0.71 0.64 0% -3% -12%
SE 1 0.95 0.7 0.80 0.80 0.76 0.64 0% -5% -20%
WA 1 0.95 0.8 0.80 0.80 0.76 0.64 0% -5%  -20%
WE 1 0.95 0.9 0.88 0.88 0.83 0.75 0% -5%  -15%
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 Additional Slide Ideas

» Mention actual pop growth rate and 2025/2050
projections

» Cohort Component Equation/description
» Population pyramid and impacts of rate changes

» Show example of where optimizer needed to bring
together population values

» GDP methodology development plot and equations
» Make sure you understand units on graphs.
» Equation for power generation? E2 = c2*(c1*E1l)

» Conclusions — reduce complexity, provide bounds to
stakeholders, develop real-time models.
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