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Overview of the IMAGE model

http://www.mnp.nl/image

• Soft coupling with 
models that describe 
socio-economic system

• Fully coupled system for 
land use, 
biogeochemical cycles, 
climate.
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Energy model TIMER
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Technology representation

• Technologies represented sometimes explictly (power 
plants), sometimes implictly (energy efficiency, 
agricultural yield)

• Technologies improve over time (technology progress) 
and compete for investment

• Long-term production costs also determined by 
depletion (fuels, sites, etc) (thus cum. production for 
fossil fuels/ annual production for renewables) 

• Capital vintage approach
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Learning-by-doing
Learning curves assumed for many technologies

T = f (Q)-a

Knowledge normally shared globally (faster 
learning)

Learning curves used for:
Fossil fuel production
Solar/wind
Biofuels conversion
Nuclear
H2 conversion technology
End-use efficiency

Exogenous techn.assumptions:
Electric power plants
Autonous energy efficiency

Careful with learning curves!!
1. How well calibrated (prices vs. costs)
2. What value for p in future?
3. Early phases and role of R&D?
4. Physical/thermodynamic constraints
5. Global / regional
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Learning-by-doing
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Learning-by-doing and competition
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Other factors act as buffer

Learning-by-doing within the model

• Learning slows down with experienced gained
• High renewables production rates lead to depletion
• High renewables penetration rates lead to costs
• Cheap fossil fuel remains.
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Learning-by-doing and timing of mitigation
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Influence of technology change in model response
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• Factors contributing to uncertainty
– Ontic uncertainty (variability)
– Epistemic uncertainty (limited knowledge)
- Disagreement among experts
- Reflexive uncertainty

• These occur at different scales
- Parameters
- Models
- Theories

Uncertainty analysis on the importance of 
technology assumptions

Combine
different 
methods
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Latin Hypercube sampling
(3000 runs)
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Section
Output 
parameters

Input parameters

CO2 En/GDP CO2/En Coal Oil Natural 
gas

Modern 
bio-
energy

Nuclear 
power

Renew. 
energy

Driving forces
Population 0.29 0.26 0.01 0.01 0.04 0.11 0.19 0.16 0.18 0.22 0.17 0.22 0.11 0.16 0.2 0.18 0.19 0.23

0.81 0.37 0.06 0.04 0.22 0.05 0.66 0.3 0.65 0.25 0.55 0.2 0.32 0.16 0.62 0.28 0.41 0.19

GDP 0.58 0.63 0.74 0.66 0.11 0.14 0.19 0.21 0.4 0.48 0.2 0.26 0.16 0.14 0.29 0.31 0.15 0.13

0.5 0.69 0.59 0.66 0.21 0.2 0.34 0.35 0.43 0.45 0.28 0.25 0.19 0.2 0.37 0.49 0.23 0.19

Size of industry sector 0.07 0.07 0.1 0.11 0.02 0.02 0.04 0.03 0.05 0.08 0.03 0.04 0.03 0.03 0.02 0.02 0.03 0.04

0.05 0.07 0.13 0.11 0.01 0.01 0.05 0.05 0.03 0.05 0.02 0.03 0.03 0.03 0.03 0.03 0.02 0.03

Energy demand
AEEI 0.53 0.4 0.57 0.55 0.14 0.16 0.34 0.27 0.19 0.17 0.29 0.3 0.23 0.22 0.37 0.28 0.25 0.27

0.21 0.41 0.52 0.59 0.18 0.16 0.21 0.36 0.14 0.16 0.16 0.21 0.11 0.21 0.2 0.36 0.09 0.16

Pay-back time 0.07 0.07 0.09 0.11 0.01 0.02 0.03 0.03 0.06 0.06 0.04 0.05 0.02 0.04 0.04 0.03 0.04 0.05

0.04 0.06 0.12 0.1 0.01 0.01 0.03 0.04 0.06 0.05 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03

Structural change 0.21 0.29 0.24 0.39 0.05 0.09 0.11 0.15 0.09 0.13 0.11 0.18 0.09 0.15 0.13 0.16 0.11 0.18

0.21 0.29 0.53 0.42 0.15 0.09 0.18 0.2 0.17 0.14 0.15 0.14 0.11 0.14 0.18 0.22 0.11 0.13

Technology dev. rates
Fossil fuels 0.02 0.06 0.03 0.03 0.05 0.1 0.28 0.2 0.18 0.13 0.35 0.26 0.3 0.22 0.2 0.2 0.11 0.09

0 0.01 0.03 0.03 0.08 0.11 0.12 0.19 0.12 0.16 0.21 0.26 0.18 0.25 0.12 0.14 0.05 0.06

Renewables (power) 0.09 0.13 0.03 0.05 0.19 0.2 0.12 0.19 0.02 0.02 0.06 0.08 0.05 0.03 0.25 0.42 0.74 0.72

0.04 0.11 0.04 0.05 0.24 0.29 0.08 0.17 0.02 0.02 0.04 0.06 0.03 0.03 0.15 0.16 0.73 0.83

Nuclear power 0.03 0 0.01 0 0.07 0.01 0.04 0.01 0.01 0.01 0.02 0.01 0.03 0.01 0.38 0.18 0.02 0.01

0.01 0.01 0.03 0.01 0.14 0.03 0.04 0.02 0.01 0.01 0.02 0 0.04 0.02 0.26 0.29 0.03 0.01

Bio-energy 0.04 0.08 0.01 0.01 0.17 0.17 0.06 0.02 0.04 0.14 0.05 0.08 0.27 0.28 0.01 0.02 0.02 0.01

0.02 0.03 0.01 0.01 0.14 0.16 0.01 0.04 0.08 0.08 0.02 0.05 0.37 0.26 0.01 0.02 0.01 0.01

Energy demand 0.11 0.1 0.13 0.14 0.02 0.03 0.06 0.05 0.07 0.07 0.06 0.07 0.05 0.07 0.08 0.07 0.06 0.08

0.05 0.08 0.13 0.13 0.02 0.02 0.04 0.06 0.06 0.06 0.04 0.04 0.03 0.05 0.05 0.07 0.03 0.04

Hydrogen technologies 0.01 0.01 0 0 0.02 0.01 0.03 0.01 0.03 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0

0 0 0 0 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0 0

Thermal power plants 0.03 0.03 0.03 0.03 0.02 0.03 0.05 0.05 0.01 0.01 0.02 0.01 0.02 0.01 0.04 0.05 0.03 0.02

0.02 0.03 0.04 0.03 0.03 0.03 0.03 0.05 0.01 0.01 0.01 0.02 0.01 0.01 0.04 0.05 0.02 0.02
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The probability to reach the 2°C target 
(Hare & Meinshausen, 2004)

Presenter
Presentation Notes
 X-axis: CO2 equivalence stabilization level
 Y-axis: Probability to reach 2°C. 
 I’m not making this up. This graph immediately follows from published climate sensitivity PDFs. 
 Only additional formula used is the logarithmic relationship between CO2 concentration levels and radiative forcing, as given in IPCC TAR (RF=5.35*ln(C/278)
 Sharply increasing probabilities for lower stabilization levels
 IPCC Terminology on likelihoods: “likely” between 66% and 90% chances. 
 “Likely” to achieve 2°C target only for stabilization levels lower than 450 ppmv. For middle range studies only for levels lower than 400 ppm CO2eq. 
 This is NOT in contradiction to the study “Greenhouse Gas Reduction Pathways in the UNFCCC Process up to 2025”, which has been commissioned by the EU. 
 There is a 550 and 650 CO2 equivalence stabilization pathway presented. 
 It states explicitly that the consistency with 2°C is only given for low climate sensitivities. 
 Thus, there is no contradiction. This presentation simply goes a step further and attaches probabilities to the different climate sensitivity values by using published research.
 Today about 370 ppmv CO2 equivalence (~1.5W/m2 including ghgs and aerosols) 

Key Message: 
 It is only “likely” to achieve 2°C target for stabilization levels lower than 450 ppmv CO2 equivalence. 
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Emission reduction for stabilisation
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BL: 40% increase

2030:

450: 10% decrease
(30-80% probl)

400: 15% decrease
If negative (other-
wise upto 50%)
(50-95% probl)

IPCC-AR4 WG3-Chapter 3

650: 650 GtC (30%)
550: 850 GtC (45%)
450: 1200 GtC (60%)

Cumulative reduction
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IIASA / PBL Report for the European Commission
• Low targets such as the 2.6 and 2.9 W/m2 forcing target are 

found attainable in the long term, but are conditional on a 
number of key technologies and other assumptions.
– Global emission reductions from 2013 onwards
– Large portfolio of emission reductions

• Achieving the 2.6 target requires the transition to negative 
emissions from the energy sector by the end of the century. 
While not all technological options are equally crucial for low 
targets, reaching 2.6 W/m2 is associated with larger 
uncertainties than 2.9 W/m2 target.
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Low greenhouse gas scenarios
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CO2 emissions

CO2-eq 
emissions

CO2 
concentration

RF
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Sensitivity analysis

Default Biomass 

constraint

Nuclear 

constraint

No CCS No Bio-

CCS

No sinks Eff. 

constraint

Yes /yes Yes /yes Yes / yes No / yes No /yes No /yes No / yes

Default No Bio-

CCS

No-CCS Eff. 

constraint

A2 land 

use

Yes 2.9 3.5 3.2 3

MESSAGE

IMAGE

IIASA / PBL Report for the European Commission
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Greatest challange in participation
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IMAGE
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Impact of agriculture technology
Ag-assessment

+40%

-40%
Low tech

High tech

Difference of 12% yield difference is 40 
GtC… small compared to 1600 GtC-eq 
baseline emissions… but considerable 

compared to ~450 GtC-eq in low 
emission scenarios.
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Land use pattern in 450 ppm 
mitigation scenario (2100)

Forests

Desert

AgricultureIce
Tundra Ext. grasslandGrass

Bio-energy
C-plantation

van Vuuren, D. P. et al (2007) Climatic Change 81: 119-159.
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How important is model bias in “technology 
advice”

Knopf et al. (2007)
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Some agreement on more general issues
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And sometimes even on technologies
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Observations
• Regular updating of technology assumptions of models on 

the basis of expert information needed (as technology 
assumptions do matter) (either exogenous technology / 
learning-by-doing)

• Global vs. Regional technology / technology diffusion
• Ambitious scenarios require for most models about 

everything that is available in the models ÅÆ somewhat 
at odds with the historic observation of domination by 
single energy carriers/log-in.

• Key technologies for very low scenarios include bio-
energy, efficiency, carbon-capture and storage, non-CO2 
emission reduction.

• Or….. No meat ☺
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