DOI 10.5281/zenodo0.5594892
Published on zenodo

Mathematical Description of the
Regensburg Model Scenario TypesRM 1 -6

Authors:

Andreas Wolfsteiner, Master of Economics
Gunter Wittmann, Master of Mathematics

save-the-climate.info / published on Zenodo

save-the-climate@online.ms (mail to) Version: 24/10/2021
Content
I Lo T [N Tox (o] ST PR O UTPTSRSTRPRON 2
2 CONSEraints t0 DE SPECITIEA. .....c.viuiiiiiiitiiise ettt b et b e ene e 2
3 Formulae Regensburg Model SCENAIIO TYPES......ecviiiiiiiiie ettt e be et te e e e sraenre s 3
3.1 Determination of paths via annual rates of change (scenario types RM 1 —5)......cccccevevviviiciecienns 3
3.2 Determination of paths via annual change amount (scenario type RM-6)..........cccocvviineneneiieiiennn, 3
3.3 Phases for determining the PAtNS ..o s 4
4 Overview Of the RIM SCENAIO TYPES ..cviiiiiieieceeie ettt sttt st s et be s beese e besreesresteeneesresnnenteas 4
5 ChoiCe OF @ RM SCENAMO TYPE ...ttt bbb 4
G R @Y T £ oo o S 5
7 Actual emissions after the DASE VAN ...........cviiiiiiicce e et st b e e 5
8 Exemplary global reduction rates and paths RIM 1 — B.........ccccoiiiiiiiie it 6
O N - Tod 1 1T o | S 7
0.1 CorreCtioN tEIM RIM=-5.... .ot ettt et et steese e beaseestesteenaeseearaennens 7
9.2 FUrther poSsibIe SCENAMO tYPES .....uiciiii ettt ettt e sbeere e besbe e b e sbeeneesreeraetens 7

9.3 Extracts from the program code of the macros in the EXCel t0O0IS ..........cccvvviviveiiiiviiiiir e 8


https://doi.org/10.5281/zenodo.4540475
http://www.save-the-climate.info/
https://doi.org/10.5281/zenodo.4540475
mailto:save-the-climate@online.ms

Mathematical Description of the Regensburg Model Scenario Types page 2 of 8

1 Introduction

The Regensburg Model Scenario Types RM 1 — 6 are used to derive plausible emission paths that
meet a certain budget. The emission paths are essentially determined indirectly by an assumption
about the property of the annual changes. This is the innovative core of the RM Scenario Types. We
pursue two approaches: determination of the course of the annual reduction rates (RM 1 - 5) and
determination of a constant annual reduction amount (RM-6).

In the indirect determination of emission paths using annual reduction rates with a monotonic tra-
jectory, the following four basic types can be distinguished:

(1) Initial less than proportional increase® in annual reduction rates (RM-2, RM-4) » concave
(2) Initial over-proportional increase in annual reduction rates (RM-5) B convex

(3) Linear increase in annual reduction rates (RM-3) » linear

(4) Constant annual reduction rate (RM-1) » constant

The RM Scenario Types are used in our tools to derive plausible global or national paths.
The Excel tools can be downloaded from our website: http://save-the-climate.info.

Here are the links to our web applications:

e EU: http://eu.climate-calculator.info

e universally applicable: http://espm.climate-calculator.info

e overview web apps: https://www.climate-calculator.info

2 Constraints to be specified

B budget for a certain period (budget period); here: 2020 - 2100
Egy emissions in the base year (BY); here: BY = 2019
Epin minimum of emissions in the budget period,;

a negative value represents the potential for net negative emissions

RRgy .1 rate of change in the first year of the budget period in RM 2 - 5; first year here: 2020;
in scenario type RM-2, only a negative value is possible

TV threshold from which the method is changed in order to map net negative emissions
in a pragmatic way (from this value a constant annual reduction amount is used)

1 "Increase" refers to the absolute amount of the reduction rates.
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3 Formulae Regensburg Model Scenario Types

3.1 Determination of paths via annual rates of change (scenario types RM 1 — 5)

_ {max (Emins Ee—q (1 + ) forE, 4 >TV?2
max (Emin; Er—1 + (Eeoq — E¢—3)) forE, <TV3
where:
E; emissions in the year t; here: 2020 — 2100
The in the individual scenario types are based on the following formulae:
name formula basic con- course of the
scenario type function type | straint | reduction rates
RM-Z-G‘Xp4 = RRt—l * (1 + a) ex a 2 0
> concave
RM-4-qu3.dr5 =a* (t - (BY + 1))2 + RRBY+1 y = axz + b a S 0
RM-5-rad® =ax,/t—(BY +1) — 0.5+ RRpy4, y=avx+b | a<0 | = convex
RM-3-lin =ax(t—(BY+1))+RRgy;1 =RR,;+a| y=ax+b a<0 |» linear
RM-1-const =a y=a a <0 | = constant

Table 1: RM Scenario Types formulae’

The free parameter a is determined for each scenario type using an iterative solution method so that
the budget (B) is adhered to. In the Excel tools, the integrated target value search (“goal seek™) is
used for this purpose, which is embedded in a macro that ensures that the constraint for a is also
met.®

3.2 Determination of paths via annual change amount (scenario type RM-6)

RM-6-abs:  E, = max (Epin; Er—q + RA)°

The free parameter RA (constant annual reduction amount) is determined using an iterative solution
method so that the budget (B) is adhered to.

2 "Max" means here, take the larger value. Either E,,,;,, or E, (which results from the application of ).

3 "Max" means here, take the larger value. Either E,;,, or E, (which results from the application from the last absolute
reduction amount; the emission path is then a straight line).

4 In this scenario type, the free parameter a can be called the escalation rate applied to the reduction rate of the previous
year. This scenario type can also be represented using the following formula: RRgy,; * e(t=(BY+1)sIn(1+a)

5 Basic function type: y = ax? + b. The term [t - (BY +1)] is set for x in a variable transformation in order to be able

to calculate with years. For t = 2020 the value of the term is 0. The term thus takes the values 0, 1, ..., 80 for the period
2020 - 2100 considered here.

¢ Basic function type: y = av/x + b. The term [t - (BY +1) - 0.5] is set for x. 0.5 serves to smooth the course at the
beginning (see attachment). The term [t - (BY +1)] represents a variable transformation in order to be able to calculate
with years. x thus takes the values 0.5, 1.5, ..., 79.5 in the period 2021 - 2100 considered here.

" In the scenario types RM 2, 5 and 3 for t = BY+1 the predefined RRgy,, (see Chapter 2) must be used. Thus, the
equations above hold for t > BY+1 (here: t > 2020).

8 If no solution can be found with the given framework data, RRjy . is varied slightly in the Excel tools (see Chapter
9.3) and B in the web app.

% "Max" means here, take the larger value. Either E,,,;,, or E, (which results from the application of the constant annual
reduction amount: RA).
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3.3 Phases for determining the paths

This usually leads to the following three phases for determining the paths:*°
1. Application of the annual (RM 1 - 5) or reduction amount (RM-6).

2. RM1-5if E,_; <TV: The last reduction amount from phase 1 is used as the constant
reduction amount until E_min is reached. In this phase, the emission path is a straight line.

3. Minimum for the annual emissions (E_min) is used until 2100.

4 Overview of the RM Scenario Types

. course of the an- .
basic . . basic course of the annual course of the
11 | Scenario Type nual reduction - . L
type rates function type reduction amounts emission paths
4 RM-1-const constant e y = constant concave convex
3) RM-3-lin linear y=ax+b u-shaped
M RM-2-exp concave | N\ y =e* u-shaped . s—shapeﬁl
RM-4-quadr y=ax*+b u-shaped (first Con‘?g(e)t en con-
(2) | RM-5-rad convex y=avx+b u-shaped
- RM-6-abs concave R - constant linear

Table 2: RM Scenario Types overview

In principle, there are several options for mapping the basic types (1) and (2) using a specific func-
tion. However, as the scenario types RM-2 and RM-4 (see Figure 1) and Figure 4 in Chapter 9.2
show, the results usually do not differ significantly with a tight budget and a plausible course of the
reduction rates.

RM-1 with constant annual reduction rate and RM-6 with constant annual reduction amount primar-
ily provide good indicators for the size of the challenge. In both scenario types, however, RRgy 4
results endogenously. In the other scenario types, RRgy .1 can be specified freely resp. at a realistic
level.

5 Choice of a RM Scenario Type

The following questions can play a role in the selection of a scenario type:
1. Which reduction rates are realistic and when?

2. Do initially slowly increasing reduction rates (RM-2/4 and RM-6) imply an unjustifiable
mortgage for the future, as these later require very high reduction rates?

3. Could high later reduction rates even make sense because they provide a greater lead time
for the necessary investments? The investments could then rather be made within the frame-
work of normal investment cycles. However, this requires a very credible climate policy
backed by effective instruments.

4. Do initially rapidly increasing reduction rates (RM-3 and RM-5) convey a more credible
climate protection policy that creates planning security for public and private investments
in a fossil-free future?

10 'When actual emissions are available after the base year, there is another phase with actual values (cf. Chapter 7).

11 "Basic type" here refers to scenario types in which the emission path is determined via the annual reduction rates.
With RM-6, on the other hand, the emissions path is determined via the annual constant reduction amount.
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6 Overshoot
If net negative emissions are allowed (E,,;, < 0), the budget may be temporarily exceeded. This
overshoot will then be offset by net negative emissions by 2100.

However, it should be noted this excess amount can also lead to dangerous tipping points in the
climate system being exceeded.

It should also be taken into account that the economic, technical, and sustainable potential of nega-
tive emissions is still very uncertain today.

7 Actual emissions after the base year

In principle, actual emissions after the base year'? replace the values that would result from the
formulae.

However, the year 2020 is an exceptional year due to Corona. If the formula for emissions in 2021
were to include actual emissions in 2020, the temporary Corona effect would distort the entire emis-
sions path. Therefore, a normalised value should be included in this formula, for example on the
basis of the rate of change in 2019:*

E2020 normatised = E2019 * (1 + RR3019).

It follows:
RM1-5: E%021 = E2020 normatised * 1+ )
RM 6: E2021 = E2020_normalised + RA

The normalised value for 2020 is only used in the formula for emissions in 2021. However, the
actual value for 2020 is included in the emission pathways.

For the RRgzy,.1 = RR,,0 in the scenario types RM 2 — 5 a normalised value without a temporary
Corona effect must be chosen. Some tools offer to take into account a temporary Corona effect,
which may last for several years.

121t has long been discussed that global emissions should fall from 2020 on at the latest in order to meet climate targets.
For this reason, we have chosen 2019 as the base year. This also argues in favour of retaining the 2019 base year, even
if actual emissions data are available after 2019.

13 The procedure used in the individual tools is indicated there.
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8 Exemplary global reduction rates and paths RM 1 -6

global change rates (RR,)
(if not specified: until £, is archieved, constant annual reduction amount)

2025 2030 2085 2040 2043 2050

10%

—RM-1 const
e =—RM-2 exp
=RM-3 lin
—RM-4 quadr
—RM-5 rad
—RM-6 abs

20%

-25%

Figure 1: RM Scenario Types - annual change rates

global emission paths
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Figure 2: RM Scenario Types - emission paths
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9 Attachment

9.1 Correction term RM-5

=ax,t—(BY +1)— 0.5+ RRgy4

As shown in the chart below the interaction of the weighting factor a and the root without the cor-
rection term 0.5 in RM-5-rad would result in a relatively large step in the reduction rates from the
first year in the budget period (2020; BY+1) to the second year (2021). With the correction term of
0.5, this curve is "smoothed".

0%
. 2020 2021 2022 2023 2024 2025 2026 2027 2028 2028

1%
2%
-3%
-4%
-5%
-6%
7%
-8%
-9%

RM-5 with correction term RM-5 without correction term

Figure 3: RM-5 correction term
9.2 Further possible scenario types

e Concave: RR; = RRpy,1 * ea*(t—(BY+1))
This variant is almost congruent with RM-2-exp in the area used here.

e Convex: RR; = a*In(t —BY) + RRgyq
The following graphics show the difference to RM-5-rad:

global change rates {AR,) global emission paths
LN
RM-5 rad

Figure 4: Further scenario type LN

¢ In addition to monotonous courses, a u-shaped course would also be plausible for the reduc-
tion rates. This could be based on the assessment that after “harvesting the low-hanging
fruits”, the reduction rates will have to fall again. However, the lead time to the reductions,
e.g., in the 2040s, can be seen as an opposing effect. This enables - with a credible climate
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protection policy - corresponding early long-term investments, which should make a contin-
uous increase in the reduction rates possible. Therefor a credible climate protection policy
should encourage early long-term investments, which should enable a continuous increase
in the reduction rates.

A function for the emission path can also be specified directly. See for an example: Witt-
mann, G.: Resource Sharing Models - A mathematical description, Chapter 3.2, published
on Zenodo. In the RM Scenario Types, however, the focus is on the property of the annual
changes. The focus on the necessary annual reduction rates makes clearer the challenge and
makes it easier to choose a meaningful emission path.

9.3 Extracts from the program code of the macros in the Excel tools

Cell references:

row 9: change rate 2020 (RRgy 1)
row 12: free parameter a
row 15: sum of emissions 2020 - 2100 in the scenario using the formulae shown above

row 16: given budget (B)

Extracts from the code (you can request the complete code from us as a bas file):

Range("E15").GoalSeek goal:=Range("E16"), ChangingCell:=Range("E12")

adaption = -0.0055
step = 0.0005
number =70

initial_value = Range("E9")

Do While Range("E12") >0
izi+l
Range("E12") =-0.01
adaption = adaption + step
Range("E9") = initial_value + adaption
Range("E15").GoalSeek goal:=Range("E16"), ChangingCell:=Range("E12")
If i > number And Range("E12") >0 Then

MsgBox "The macro did not find a solution in scenario RM-3. Please change the framework data."
Range("E9") = initial_value

i=0

GoTob

End If

Loop
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