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Presentation Notes
I’m reporting results from a jointly-agreed project, but I can’t say that these are jointly-agreed results – the project is too much of a work in progress – so please be more than usually cautious in quoting me.
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Econometrics of IPCC Scenarios

e Outputs from over 1600 model runs are in the IPCC
database of mitigation scenarios

— Emissions, energy supply and demand

 Many use standardised socio-economic scenarios as
Inputs

« Can we explore how outputs vary between models and
scenarios”?

© Imperial College Business School 2


Presenter
Presentation Notes
Jim is co-chair of IPCC Working Group III for the recently-released AR6 Report, and Alaa is on the technical support team; Raphael is also involved in the report. Chapter 3 of the report makes extensive use of models, run to explore mitigation scenarios.
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Presentation Notes
This is one of a number of similar figures from Chapter 3 of the latest IPCC report (AR6, WGIII), which has grouped the outputs from Integrated Assessment Models in terms of the likely level of global warming, or cumulative emissions (there’s a strong relationship between the two). Current policies seem likely to give 4,000 GtCO2 by 2100, which would result in warming of between 3 and 4 degrees. It shows the share of renewables in primary energy.

IPCC Caption: Figure 3.15: Characteristics of scenarios as a function of the remaining carbon budget (mean decarbonisation rate is shown as the average reduction in the period 2010-2050 divided by 2010 emissions). The categories C1-C7 are explained in Table 3.1 (The mean decarbonisation rate is in a different panel from the one shown.)
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This shows how total energy use would rise over time but would tend to be lower in scenarios with lower temperature increases – though there’s little difference in the means for scenarios that keep the temperature below 3 degrees above pre-industrial levels. The contribution from non-biomass renewables rises over time and with the level of climate ambition.

IPCC caption: Figure 3.22 Primary energy consumption across scenarios: total primary energy (top left), fossil fuels (top middle), coal without CCS (top right), non-biomass renewables (bottom left), and biomass (bottom middle). Scenarios are grouped by their temperature category. Primary energy is reported in direct equivalent, where one unit of nuclear or non-biomass renewable energy output is reported as one unit of primary energy. Not all subcategories of primary energy are shown.
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Models in our study

Key characteristics

Model type Electricity Sector | Technical change
AIM-CGE CGE Logit Exogenous
COFFEE CGE Merit order Exogenous (?)
GEM-E3 CGE Nested Endogenous
IMAGE Partial Eq. Merit order Endogenous
MESSAGEX LP Optimisation Merit order Exogenous
POLES Partial Eq. Merit order Either
REMIND CGE Merit order Endogenous
TIAM-ECN Partial Eq. Merit order Exogenous
WITCH Optimal growth Nested Endogenous

Speaker’s interpretation, mostly of information at
https://www.iamcdocumentation.eu/index.php/IAMC_ wiki
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Presentation Notes
This is my interpretation of information contained in the IAMC wiki that I have cited, and some of the resources provided by the model teams. Apologies for any mischaracterisations

https://www.iamcdocumentation.eu/index.php/IAMC_wiki
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« Use econometrics to study the impact of model choice on
key out-turn variables (i.e. predictions)

— Choice of model
— Cumulative carbon emissions (sic.)

— Socio-economic scenario
« GDP per capita
« Population

* Test for fixed effects vs random effects
* First, do the eye-conometrics!
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This is our planned methodology, as described in the abstract submitted to the organisers (before the data had been released for analysis)…
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Presentation Notes
This shows that each model tends to have its own distinct pattern – POLES tends to have the lowest predicted energy use in 2050, and to reduce it the most in low-emissions scenarios. COFFEE tends to have the highest energy demands, which are the least sensitive to the need to reduce emissions. In terms of the econometrics, however, at least everything looks linear, although each model may need its own slope coefficient!
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A near-linear relationship
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Another linear relationship is that between cumulative emissions and temperature increases. Emissions so far have given us just over 1 degree C of warming (the first set of additional lines), and we can read off the amount of emissions most likely to give 2 degrees, 3 degrees, or any other amount. 2 degrees is about 16-17 hundred Gigatonnes above current levels, while 3 degrees would allow a bit over 3½ thousand Gigatonnes.

Figure TS.18 | Illustration of (a) relationship between cumulative emissions of carbon dioxide (CO2) and global mean surface air temperature increase and (b) the assessment of the remaining carbon budget from its constituting components based on multiple lines of evidence. The intent of this figure is to show (i) the proportionality between cumulative CO2 emissions and global surface air temperature in observations and models as well as the assessed range of the transient climate response to cumulative CO2 emissions (TCRE), and (ii) how information is combined to derive remaining carbon budgets consistent with limiting warming to a specific level. Carbon budgets consistent with various levels of additional warming are provided in Table 5.8 and should not be read from the illustrations in either panel. In panel (a) thin black line shows historical CO2 emissions together with the assessed global surface temperature increase from 1850–1900 as assessed in Chapter 2 (Box 2.3). The orange-brown range with its central line shows the estimated human-induced share of historical warming. The vertical orange-brown line shows the assessed range of historical human-induced warming for the 2010–2019 period relative to 1850–1900 (Chapter 3). The grey cone shows the assessed likely range for the TCRE (Section 5.5.1.4), starting from 2015. Thin coloured lines show Coupled Model Intercomparison Project Phase 6 (CMIP6) simulations for the five scenarios of the WGI core set (SSP1-1.9, green; SSP1-2.6, blue; SSP2-4.5, yellow; SSP3-7.0, red; SSP5-8.5, maroon), starting from 2015 and until 2100. Diagnosed carbon emissions are complemented with estimated land-use change emissions for each respective scenario. Coloured areas show the Chapter 4 assessed very likely range of global surface temperature projections and thick coloured central lines show the median estimate, for each respective scenario. These temperature projections are expressed relative to cumulative CO2 emissions that are available for emissions-driven CMIP6 ScenarioMIP experiments for each respective scenario. 


Imperial College

Business School Final Energy Demand in 2050
Outputs grouped by model

EJ/yr
600 ’ o °
.: .= ([ ] . .—t +
-— " ] :l: [} —_— )
i-s = .— '- oo $-H- o0 it
500 e T | +e S o ®
K #} » ® ¢® Ada
+a R e ‘ o AIM/CGE 2.2
400 1 ° g5 COFFEE 1.1
*” o8 "1
o3 e GEM-E3 V2021
300 IMAGE 3.0
- MESSAGEix-GLOBIOM 1.1
200 POLES ENGAGE
+REMIND-MAgPIE 2.1-4.2
100 - TIAM-ECN 1.1
2°C 3°C +WITCH 5.0
0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4 500 5,000

Cumulative Emissions, 2020-2100, GtCO,


Presenter
Presentation Notes
This just adds those increases to the previous graph, to give an idea of what’s needed


Imperial College

Business School EleCtriCity Supply in 2050
Outputs grouped by model
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Presentation Notes
Again, the models differ tremendously in the amounts of electricity they require; the patterns are mostly linear, but COFFEE, at the bottom, has a non-linear trend with the lowest emissions. 
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This slide highlights the non-linear pattern we see in COFFEE results
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Electricity (% of final demand)

Outputs grouped by model
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Presentation Notes
If you noted that COFFEE had both the highest demand and the lowest amount of electricity, you won’t be surprised that its got many runs with a lower share of electricity than any other model, with a more distinctively non-linear shape. Having said that, there are also some runs with electricity shares above 50%.
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This shows a couple of models with slightly non-linear patterns for the share of final demand met by electricity
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This shows the very non-linear pattern of COFFEE
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I think this is the point at which models start to be increasingly distinct. 
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WITCH, TIAM and REMIND appear to have (different) largely constant levels of nuclear power, whatever level of emissions they are targeting.
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POLES has a smoothly rising amount as the constraint gets tougher. 
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MESSAGE seems to have been run for a range of input assumptions targeting the same levels of emissions (about 400 and 800 Gt), producing very different levels of nuclear power, which are higher than those from any other model.
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Once again, a huge range of outcomes, with relatively little overlap between models.
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Presentation Notes
Note that the vertical axis scale keeps changing, so that wind generation is used much more (on average) by our models than nuclear or solar. 
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Here are two very different sets of results!
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COFFEE seems to treat wind energy in the way that MESSAGE treated nuclear – a generation type that can be increased significantly, depending on input assumptions, for some of the most demanding scenarios
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Fossil generation with CCS varies tremendously
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A lot of models start to sequester CO2 from biomass once the emissions limits get tougher, but again, the amounts they require are very variable. The model that seems to like this the most – IMAGE – also had a relatively high share of fossil generation with CCS, and low shares of nuclear, wind and solar. That suggests it is relatively optimistic on the cost of CCS technology – and I suspect that this kind of “drilling down” into the drivers of the differences between model results may be the best direction for this project (but co-authors may have different views).
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A lot of models start to sequester CO2 from biomass once the emissions limits get tougher, but again, the amounts they require are very variable. 


®

Imperial College

Business School  BIOMAsSs sequestration: CCS

Outputs grouped by model

mtCO,/yr
9,000
8,000
7,000 - AIM/CGE 2.2
6.000 -= COFFEE 1.1
E GEM-E3 V2021

5,000 ~

= F IMAGE 3.0
4,000 - MESSAGEix-GLOBIOM 1.1
5,000 - - POLES ENGAGE

- REMIND-MAGPIE 2.1-4.2
2,000 - TIAM-ECN 1.1
1,000 = WITCH 5.0
0_________-_‘_____: et Be B o e o
0 1,000 2,000 3,000 4,000 5,000

Cumulative Emissions, 2020-2100, GtCO,


Presenter
Presentation Notes
A lot of models start to sequester CO2 from biomass once the emissions limits get tougher, but again, the amounts they require are very variable. The model that seems to like this the most – IMAGE – also had a relatively high share of fossil generation with CCS, and low shares of nuclear, wind and solar. That suggests it is relatively optimistic on the cost of CCS technology – and I suspect that this kind of “drilling down” into the drivers of the differences between model results may be the best direction for this project (but co-authors may have different views).
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The models also report carbon prices – a wide range of them. 
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Just in case you couldn’t make out the detail in the previous slide, here are the results with a different vertical axis – as usual, some models have their own distinctive patterns.
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Presentation Notes
And maybe this is the kind of graph that I need to draw more of – instinct says that they look like supply curves, but they’re actually the results of a more interactive process. If the models are setting the marginal cost of additional CCS to equal the carbon price, we are clearly seeing some very different estimates of that cost. TIAM has one of the more linear relationships between price and quantity, but also shows a few scenarios where this technology has been “switched off” to see what the model does instead (and hence what the value of having the technology is).
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And maybe this is the kind of graph that I need to draw more of – instinct says that they look like supply curves, but they’re actually the results of a more interactive process. If the models are setting the marginal cost of additional CCS to equal the carbon price, we are clearly seeing some very different estimates of that cost. TIAM has one of the more linear relationships between price and quantity, but also shows a few scenarios where this technology has been “switched off” to see what the model does instead (and hence what the value of having the technology is).
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And again, a very wide range of implied costs for biomass CCS. 
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COFFEE seems to find biomass sequestration cheap and plentiful, which perhaps explains why it was so reluctant to electrify other kinds of energy demand, or to reduce that demand.
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Interestingly, the model that uses it the most (at least in some scenarios), IMAGE, doesn’t find it a particularly cheap technology (compared to some of the other model runs).
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« This is not the kind of presentation | was expecting to
give!
« Remember all models are wrong, but some are useful

« Can we analyse further and understand the differences?
— Econometrics including model type, key assumptions?
— Deep-dive comparisons between model pairs?

» Is a wide range of results a blessing or a curse?
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Having seen these very distinct patterns, I’d be surprised if people haven’t already spent time trying to understand what’s driving the differences – but I’m not an expert in the “model comparison study” literature. I’m going to have a look as soon as I can! If they haven’t, these results suggest it’s a task well worth undertaking.
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