The Climate Impact of Climate Simulations: a Simulation
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As climate change increases the intensity of natural disasters,
society needs better tools for adaptation. Climate simulations, for
example, have been increasingly used to understand the impacts
of a changing climate and identify the most effective actions
for climate adaptation. Climate simulations, however, are often
run on exascale supercomputers and, based on our analysis, a
single climate simulation can emit up to 1400 metric tons of
CO2. Our work is the first to analyse how the emissions of
climate simulations increase the need for climate simulations.
We further propose the first model to simulate how more
simulations cause more CO: emissions, leading to a climate
simulation climate tipping point. As our simulation shows that
increasing the number of climate simulations cannot be sustained,
we recommend a paradigm shift towards a research climate of
running fewer climate simulations'.

Index Terms—Climate, Simulations, Climate Simulations, Cli-
mate Tipping Point, Runaway Climate.

I. INTRODUCTION

limate change is the defining challenge of our

time [1].Society has been leveraging climate simulations
to understand climate impacts and identify climate adaptation
measures that minimize the societal, ecological, and economic
damage of climate change [I]. Alarmingly, historical data
in Fig. 1 reveals that the number of climate simulations has
been exponentially increasing as a function of global CO9
emissions. We presume as the economic impact of climate
change increases over time [2], more climate simulations are
needed to understand climate impacts.

We further calculate that a single climate simulation can
consume up to 1400MWh, emitting approximately 1400 metric
tons of COq; or the equivalent of 8 railcars’ worth of coal
burned [3]. The emissions of the increasing number of climate
simulations suggests a feedback loop. We derive the first
simulation of this feedback loop and predict that a tipping
point will occur in ~ 2035.

Our work makes three key contributions:

o the first formulation of the impact of climate on the
number of climate simulations,

« an updated formulation of the climate impact of climate
simulations, and

o the first derivation of the climate simulation climate
tipping point (CSC-TP)
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Fig. 1: The impact of climate change on climate simula-

tions. As climate change increases more climate models are
run to help societies understand and adapt to the impacts
of climate change. Data sources: CMIP2 [4], CMIP3 [5],
CMIP5 [6], CMIP6 [7]

II. IMPACT OF CLIMATE ON CLIMATE SIMULATIONS

We have observed that the amount of CO» emitted by the
world per year has increased in recent years [1]. We have also
observed that over time, the number of climate simulations
run by climate scientists has increased at an increasing rate
[41[5][6]1[71[8]. From these observations, we come to the only
logical conclusion — as the amount of CO, emitted increases,
scientists run more climate simulations. Figure 1 demonstrates
this causation.

One possibility is that the increasing impact of climate
change drives more scientists to the field, who then run
climate simulations to understand the impact of increasing
CO; emissions. Other explanations have been reasonably
considered, however ascribing an underlying justification to
this phenomenon is beyond the scope of this paper. For our
purposes, we merely draw your attention to this impact of
climate on climate simulations.

We leverage state-of-the-art machine learning-based algo-
rithms [9] to learn the relationship between the number of
climate simulations run yearly and annual CO; emissions.
We call the functional form of this relationship the impact
of climate on climate simulations (ICCS) such that
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Where COs represents the annual COy emissions and N,
represents the number of simulations run in a given year.

Ngm = ICCS (



III. CLIMATE IMPACT OF CLIMATE SIMULATIONS

It is an inescapable fact that running climate simulations
costs energy, which generates additional COs that is emitted
into the atmosphere. In this section, we consider the CO,
emissions generated by running a standard climate simulation.

The climate simulation we consider, henceforth the nominal
simulation, is a recent weather model by the European Center
for Modeling and Weather Forecasting (ECMWF) that resolves
deep convection at 1km horizontal resolution [ 1?. The nom-
inal climate simulation requires 500K node hours® on the
Summit super computer at Oak Ridge National Labs which has
4608 nodes and consumes 13MW at peak performance® [10],
[11].

The nominal simulation has an energy consumption of:

500, 000 node-hours 13MW
1 simulation Summit.

Summit
X X
4608 nodes

Which equals 1400 MWh of energy consumption for each
climate simulation.

We then convert this into a quantity of CO5 emissions as
follows. The US Energy Information Administration quotes
(in 2019) a CO, emission figure of 952 million metric tons
per 947,891 million kWh of electricity generation [12]°. This
gives:

952 x 10% metric tons
947,891 x 100 kWh

Which equals 1400 metric tons of CO5 emitted per climate
simulation. Scaling this in the obvious way based on the mass
of Earth’s atmosphere, taking into consideration absorption by
the oceans and the biosphere, we calculate the climate impact
of climate simulations (CIC'S) parameter.
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IV. THE CLIMATE SIMULATION CLIMATE TIPPING POINT

In this section, we consider both the impact of climate
on climate simulations and the climate impact of climate
simulations simultaneously to simulate the climate simulation
climate tipping point (CSC-TP).

We simulate the dynamical system consisting of the fol-
lowing system of dynamical equations. We call this model the
Climate-Simulation Limitations Model (CLM).
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Here, CO- represents the total amount of CO5 in the
atmosphere in ppm and N, is the number of simulations
run in a given year. CIC'S is the climate impact of climate

2 Assuming weather and climate simulations are on the order of same
computational complexity.

3 Assuming the computing budget is needed to run a single climate simu-
lation.

4Assuming the supercomputer runs on peak performance.

5 Assuming all electricity is generated by coal
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Fig. 2: The climate simulation climate tipping point. We
simulated that the CO2 emissions of running more climate
models to better understand climate change will cause the
climate simulation climate tipping point (CSC-TP), causing
a runaway climate by the year 2035.

simulations parameter, derived in section III, and IC'C'S is the
impact of climate on climate simulations function as described
in section II.

For this paper, we base the nominally predicted CO2
emissions, CO3™, on the RCP8.5 scenario [!]. Thus, this
variation of our model will be referred to as the CLM-8.5
model, pronounced “climate point five”.

To minimize the climate impact of CLM-8.5, we only allow
it to run for a few years into the future. Our results are shown
in figure 2, compared to the RCP8.5 scenario.

The results are clear — if climate scientists continue to
contribute to climate change by simulating the climate, we will
reach a tipping point. As the climate worsens, scientists run
more simulations to understand it, which in turn contributes to
worsening the climate. This feedback loop culminates in the
climate simulation climate tipping point (CSC-TP), where the
atmospheric CO, concentration increases dramatically above
the nominal value. We note the models begin to diverge in
2035, and mark that date as the CSC-TP.

V. DISCUSSION AND FUTURE WORK

Future works will consider the climate impact of the climate
simulation ran for “The Climate Impact of Climate Simula-
tions: a Simulation. Additionally, future works will calculate
the climate simulation budget, i.e., the maximum number
of climate simulations until the CSC-TP is reached, to aid
policymakers in the fair distribution of the remaining climate
simulation computing time. Further, we encourage climate
researchers to stimulate change towards a research climate that
fosters a reduction in climate simulations.

VI. ACKNOWLEDGEMENT

We thank Big Oil and Gas for motivating this study.
April Fools’, 2021



(1]

[2]

[3]

[4]
[51

[6]

[71

[8]

[91

[10]

[11]
[12]

REFERENCES

IPCC, “Global warming of 1.5c. an ipcc special report on the impacts
of global warming of 1.5¢ above pre-industrial levels and related global
greenhouse gas emission pathways, in the context of strengthening the
global response to the threat of climate change, sustainable development,
and efforts to eradicate poverty,” 2018. 1, 2

NOAA National Centers for Environmental Information (NCEI), “U.S.
Billion-Dollar Weather and Climate Disasters (2020),” 2020. [Online].
Available: https://www.ncdc.noaa.gov/billions/ 1

United States Environmental Protection Agency, “Greenhouse gas equiv-
alencies calculator,” 2021, accessed 04-01-2021. [Online]. Available:
https://www.epa.gov/energy/greenhouse- gas-equivalencies-calculator 1
G. A. Meehl, “Cmip2 announcement,” Jan., accessed: 2021-04-01.
[Online]. Available: https://pcmdi.llnl.gov/mips/cmip2/ 1

“Cmip3 climate model documentation, references, and links,”
https://pcmdi.llnl.gov/ipcc/model_documentation/ipcc_model_
documentation.html, accessed: 2021-03-31. 1

WCRP Coupled Model Intercomparison Project, “Phase 5, Special
Issue of the CLIVAR Exchanges Newsletter No. 56, vol. 15, May 2011,
accessed: 2021-04-01. [Online]. Available: https:/portal.enes.org/data/
enes-model-data/cmip5/resolution 1

Z. Hausfather, “Cmip6: the next generation
of climate models explained,” accessed: 2021-
04-01. [Online]. Available: https://www.carbonbrief.org/

cmip6-the-next-generation-of-climate-models-explained 1

V. Eyring, S. Bony, G. A. Meehl, C. A. Senior, B. Stevens, R. J. Stouffer,
and K. E. Taylor, “Overview of the coupled model intercomparison
project phase 6 (cmip6) experimental design and organization,”
Geoscientific Model Development, vol. 9, no. 5, pp. 1937-1958, 2016.
[Online]. Available: https://gmd.copernicus.org/articles/9/1937/2016/ 1
P. Virtanen, R. Gommers, T. E. Oliphant, M. Haberland, T. Reddy,
D. Cournapeau, E. Burovski, P. Peterson, W. Weckesser, J. Bright, S. J.
van der Walt, M. Brett, J. Wilson, K. J. Millman, N. Mayorov, A. R. J.
Nelson, E. Jones, R. Kern, E. Larson, C. J. Carey, 1. Polat, Y. Feng, E. W.
Moore, J. VanderPlas, D. Laxalde, J. Perktold, R. Cimrman, I. Henrik-
sen, E. A. Quintero, C. R. Harris, A. M. Archibald, A. H. Ribeiro,
F. Pedregosa, P. van Mulbregt, and SciPy 1.0 Contributors, “SciPy 1.0:
Fundamental Algorithms for Scientific Computing in Python,” Nature
Methods, vol. 17, pp. 261-272, 2020, scipy.optimize.curve_fit(exp). 1
“Ecmwf scientists to simulate global weather at 1 km
resolution,”  https://www.ecmwf.int/en/about/media-centre/news/2020/
ecmwf-scientists-simulate- global-weather- 1-km-resolution, — accessed:
2021-03-31. 2

“Summit,”  https://www.olcf.ornl.gov/olcf-resources/compute-systems/
summit/, accessed: 2021-03-31. 2

“Frequently asked questions (faqs),” https://www.eia.gov/tools/faqs/faq.
php?id=74&t=11, accessed: 2021-03-31. 2


https://www.ncdc.noaa.gov/billions/
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
https://pcmdi.llnl.gov/mips/cmip2/
https://pcmdi.llnl.gov/ipcc/model_documentation/ipcc_model_documentation.html
https://pcmdi.llnl.gov/ipcc/model_documentation/ipcc_model_documentation.html
https://portal.enes.org/data/enes-model-data/cmip5/resolution
https://portal.enes.org/data/enes-model-data/cmip5/resolution
https://www.carbonbrief.org/cmip6-the-next-generation-of-climate-models-explained
https://www.carbonbrief.org/cmip6-the-next-generation-of-climate-models-explained
https://gmd.copernicus.org/articles/9/1937/2016/
https://www.ecmwf.int/en/about/media-centre/news/2020/ecmwf-scientists-simulate-global-weather-1-km-resolution
https://www.ecmwf.int/en/about/media-centre/news/2020/ecmwf-scientists-simulate-global-weather-1-km-resolution
https://www.olcf.ornl.gov/olcf-resources/compute-systems/summit/
https://www.olcf.ornl.gov/olcf-resources/compute-systems/summit/
https://www.eia.gov/tools/faqs/faq.php?id=74&t=11
https://www.eia.gov/tools/faqs/faq.php?id=74&t=11

