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SI.1. Extra figures for the RCP comparisons 17 

18 

 19 

Figure SI.1.1. Regional damage cost decomposition for RCP6.0, without SLR adaptation. The REMIND 20 

model doesn’t model sea-level rise damages explicitly and uses a combined damage function. 21 

 22 

 23 



 24 

Figure SI.1.2. Comparison of the direct costs when modelling sea-level rise and non-sea-level rise 25 

separately (blue/green) versus combined in one damage function (pink lines). All these values are 26 

calculated with the same model (MIMOSA) and same scenario settings. The arrows indicate the 27 

differences between total separate and total combined, for the scenario with (solid arrow) and 28 

without (dotted arrow) SLR adaptation. 29 

 30 

 31 

Figure SI.1.3. Mitigation costs and associated carbon prices per model for the RCP 2.6 scenario. The 32 

range indicates the ranges for the different damage quantiles. This only results in a range for the 33 

WITCH model since in this model the mitigation costs have a stronger dependence on the GDP path: 34 

since the different damage levels affect GDP differently, the resulting mitigation costs will also vary.  35 

 36 
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 41 

 42 

Figure SI.1.4. Regional damages for RCP 2.6 (a, b) and RCP 6.0 (c, d) both with SLR adaptation (b, d) 43 

and without SLR adaptation (a, c). 44 



 45 

Figure SI.1.5. Temperature, emission paths and GDP per RCP for each model. 46 
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SI.2. Extra figures: cost-benefit analysis 49 

 50 

 51 

Figure SI.2.1. Carbon prices for the CBA pathways for each model and the three damage function 52 

levels (assuming medium discounting).  53 

 54 

 55 

Figure SI.2.2. Benefits, costs and benefit cost ratios for the 95th damage percentile. Left: policy costs 56 

(dotted lines) and avoided damages (benefits, solid lines) over time for the scenario with medium 57 

discounting. Right: Benefit-Cost Ratio (BCR): total discounted avoided damages divided by the total 58 

discounted mitigation costs.   59 



SI.3. COACCH damage functions 60 

 61 

SI.3.1. Creation of the damage functions 62 

All the impacts within each scenario combination (Figure SI.3.2.) have been specified for a “low - 63 

high” range determined by the variability in output from the climate and the impact models used. 64 

The role of market adjustments in determining economic impacts has been also analysed testing 65 

result robustness to two assumptions on investment mobility that proved to be very relevant in 66 

determining the economic consequences: “high” and “low”. The former assumes almost perfect 67 

mobility and easier interregional spreading of potential losses on capital stock, the latter assumes 68 

capital losses remain within the impacted regions. 69 

The geographical detail of the CGE model is higher than that of the IAMs used. In particular, 70 

damages in the EU are specified for 138 single regions. Macroeconomic loss data have been thus 71 

aggregated to match the resolution of the  WITCH, REMIND and MIMOSA IAMs.  72 

Different functional forms and regression methods to interpolate the data have been tested.1 73 

Eventually, the better fit was provided by: a linear specification and OLS regression for SLR with 74 

adaptation; a quantile regression method and linear or quadratic specification depending on the 75 

region2 for SLR without adaptation; a quantile regression and a quadratic specification for the 76 

temperature related damages. 77 

The functional forms used are reported below: 78 

Sea level rise damages with adaptation:    𝑎 ∙ (𝑏1 ∙ 𝑆𝐿𝑅) 79 

Sea-level rise damages without adaptation: 𝑎 ∙ (𝑏1 ∙ 𝑆𝐿𝑅) or 𝑎 ∙ (𝑏1 ∙ 𝑆𝐿𝑅 + 𝑏2 ∙ 𝑆𝐿𝑅2) 80 

Temperature-related damages: 𝑎 ∙ (𝑏1 ∙ ∆𝑇 + 𝑏2 ∙ ∆𝑇2) 81 

The full list of coefficients that have been estimated are reported in Parrado et al. (2021a) and 82 

available at: https://zenodo.org/record/5546264#.YlWeBehBw2w 83 

The original data set used for the estimation procedure is reported in Parrado et al. (2021b) and 84 

available at: https://zenodo.org/record/5546248#.YlWcXOhBw2w 85 

 86 

Additional references  87 

Parrado R., Bosello, F., Van der Wijst, K-I, Standardi G. (2021a), “Reduced-form Climate Change 88 

Damage Functions”, database, available at: https://zenodo.org/record/5546264#.YlWeBehBw2w 89 

Parrado R., Bosello, F., Standardi G. (2021b), “Macroeconomic assessment of Climate Change 90 

Impacts”, database available at: https://zenodo.org/record/5546248#.YlWcXOhBw2w 91 

 92 

 
1 Full results are available upon request. 
2 The regions with a linear especification are: INDIA, JAPAN, NAF, RSAS, SEAS, SSA, WEU (appearing in the 
MIMOSA model) EUR, IND, JON, SSA (appearing in the REMIND model)   Europe, India, jpn_kor, sasia, seasia, 
ssa (appearing in the WITCH model). 
 

https://zenodo.org/record/5546248#.YlWcXOhBw2w
https://zenodo.org/record/5546248#.YlWcXOhBw2w
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 94 

Figure SI.3.1. SSP-RCP scenario combinations examined 95 
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SI.3.2. Regional COACCH damage functions and CGE output 97 
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SI.4. Details on the MIMOSA model 103 

 104 

Figure SI.4.1. Overview of the MIMOSA model (reproduced from [2]). 105 

 106 

The MIMOSA model is a relatively simple, transparent, open-source IAM based on FAIR [1]. The 107 

global version of this model is detailed in [2]. An overview of the model is shown in Fig. SI.4.1. For 108 

this paper, we updated the model to become regional, using the 26 macro-regions from 109 

FAIR/IMAGE3. Specifically, the following aspects were updated compared to [2]: 110 

• Regional population and baseline emission projections, and regional Total Factor 111 

Productivity calibration based on baseline GDP projections. We used the Ref-SPA0-V17 112 

IMAGE scenarios for each SSP. In this paper, we only used the SSP2 calibration. 113 

 114 

• Regional mitigation cost curves: each region uses the same global Marginal Abatement Cost 115 

(MAC) curve as in the global model, with a region-specific scaling factor κ𝑟: 116 

 117 

MACregion 𝑟(𝑎; ⋅ ) = κ𝑟 ⋅ MACglobal(𝑎; ⋅ ) 123 

 124 

The values of κ𝑟  are calibrated using SSP2 MAC curves from the TIMER model (the energy 118 

submodule of IMAGE), see [3]. By comparing the carbon price per region required to reach 119 

75% CO2 reduction in 2050 compared to baseline, relative to the world average, we obtain a 120 

scaling factor for the MAC. This is shown in Fig. SI.4.2a. 121 

 122 

 
3 See https://models.pbl.nl/image/index.php/Region_classification_map 



• Initial capital stock: while GDP and capital stock are endogenous variables through the Cobb-125 

Douglas equation, the initial capital stock needs to be calibrated. For this, we use the 126 

Investment and Capital Stock Data (ICSD) from IMF4 and follow these steps: 127 

1. The total capital stock is calculated as sum of general government capital stock, 128 

private capital stock and public-private partnership capital stock. 129 

2. This data is summed for all countries within each region 130 

3. The regional total capital stock is divided by the regional GDP to obtain capital stock 131 

as factor of initial GDP. 132 

4. We use data from 2013 as this is the latest available data from IMF. 133 

The resulting regional initial capital factors are shown in Fig. SI.4.2b. 134 

 135 

• Regional emission reduction constraints: besides the already existing global inertia and 136 

minimum emission level constraints, we add regional inertia (each region cannot reduce 137 

more than 5% of 2020 emission level per year) and a regional minimum emission level of -10 138 

GtCO2/year. 139 

 140 

• Since damages are not expressed exclusively in terms of temperature change anymore, a 141 

sea-level rise module has been added. We have used the same SLR module as DICE [4]. 142 

 143 

• The welfare function has been updated. Yearly and regional utility is defined as: 144 

𝑈(𝑡, 𝑟) = ((
consumption𝑡,𝑟

𝐿𝑡,𝑟
)

(1−elasmu)

− 1) /(1 − elasmu) − 1, 145 

with 𝐿𝑡,𝑟 the population (labour force) and elasmu the elasticity of marginal utility (equal to 146 

1.001). The optimization goal is to maximise the Net Present Value of the summed utility: 147 

NPV = ∫ 𝑒−𝑟𝑡 ∑ 𝑈(𝑡, 𝑟)

𝑟

𝑇

0

⋅ 𝐿𝑡,𝑟𝑑𝑡 148 

 149 

 150 

  151 

 
4 https://data.imf.org/?sk=0e0209d8-1115-4e84-a419-baa0256b32fb&hide_uv=1 

https://data.imf.org/?sk=0e0209d8-1115-4e84-a419-baa0256b32fb&hide_uv=1


 152 

Figure SI.4.2. Regional parameters for the MIMOSA model. Top row: multiplication factor to create 153 

the regional MACs, by scaling the global MAC for each region. Bottom row: initial capital stock 154 

factors per region, expressed as factor of 2020 GDP. 155 

 156 

 157 

SI.5. Description of the WITCH model 158 

 159 

WITCH (World Induced Technical Change Hybrid) is an integrated assessment model developed and 160 

maintained at the RFF-CMCC European Institute on Economics and the Environment and assesses 161 

climate change mitigation and adaptation policies [5]. It is open source and its code and 162 

documentation is available at www.witchmodel.org. It is a global dynamic model that integrates into 163 

a unified framework the most important drivers of climate change and an inter-temporal optimal 164 

growth model captures the long-term economic growth dynamics. In the model, a compact 165 

representation of the energy sector is fully integrated (hard linked) with the rest of the economy so 166 

that energy investments and resources are chosen optimally, together with the other 167 

macroeconomic variables.  168 

WITCH represents the world in a set of a varying number of macro regions – for the present study, 169 

the version with seventeen representative regions has been used. For each, it generates the optimal 170 

mitigation strategy for the long-term (from 2005 to 2100) as a response to a carbon price compatible 171 

with external constraints on emissions. A modelling mechanism aggregates the national policies on 172 

emission reduction or on the energy mix into the WITCH regions. Finally, a distinguishing feature of 173 

the WITCH model is the endogenous representation of R&D diffusion and innovation processes that 174 

allows a description of how R&D investments in energy efficiency and carbon-free technologies 175 

integrate the mitigation options currently available. Non-CO2 emissions in energy and industry are 176 

endogenously modelled with potentials derived from the literature (marginal abatement cost 177 

curves). 178 

 179 

http://www.witchmodel.org/


 180 

Figure SI.5.1. Overview of the WITCH model. 181 
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