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Background and Research Objectives

Surface solar radiation (SSR) is a fundamental determinant of the
Global Energy Balance, a crucial driving force for temperature and
hydrological cycles variation.

In this study, we aim to obtain an understanding on the latest
updates on

» Historical climate changing from a perspective of SSR and
temperature,

» Transient Climate Sensitivity (TCS) estimates to a doubling of
atmospheric CO, based on an econometric framework are
investigated;

» Land-ocean warming ratio, temperature change over land
surface compared to the ocean surface.
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Data and Model

Data sets in use:

» Temperature and SSR:
» Simulations
The study encompasses 25 members of CMIP6 Global Climate
Model (GCM) available up to the time of writing. The first
realization for each model is downloaded from the ESGF.
» Observations

Observational temperature data is from the CRU; SSR data is
from the GEBA website.

» CO, equivalent concentrations:
Downloaded from the NOAA Annual Greenhouse Gas Index
(AGGI) data set.

Time period:

The research focuses on a time period from 1960 to 2014.
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https://esgf-node.llnl.gov/search/cmip6/
https://crudata.uea.ac.uk/cru/data/hrg/
http://www.geba.ethz.ch/
http://www.esrl.noaa.gov/gmd/aggi

Data and Model

Econometric Framework for TCS estimation:

Phillips et al. (2020)! constructed an Econometric model for
estimating TCS empirically.

The framework relates the three variables (T, R, In(COy,¢)) in the
linear relation

Ter1 = + M Te +72Re +73In(CO¢) + Tps1

from which the TCS is estimated as TCS = 1737 x In(2).

-

1peter C.B. Phillips, Thomas Leirvik, and Trude Storelvmo. “Econometric estimates of Earth’s transient climate
sensitivity”. In: Journal of Econometrics 214.1 (Jan. 2020), pp. 6—32. 1ssN: 18726895. DOI:
10.1016/j. jeconom.2019.05.002.
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Results - Trend Analysis

Temperature trends in CMIP6 GCMs and
observation

Note that the current study focuses on a spatial coverage defined
by the GEBA data set. An coverage overlay is conducted on
various data sets (CMIP6 GCMs and CRU) to match the GEBA.

ATSK

1961 1971 1981 1991 2001 2011
year
ACCESS.CM2 CAS.ESM2.0 GISSE21.G MIROCE UKESM1.0.LL.
ACCESS.ESM1.5 CESM2 GISSE2.1H MPLESM.12HAM == GCMs_Mean
BCC.CSM2MR ~ — CESM2WACCM INM.CM4.8 MRIESM2 — Obs.
GCMs BCC.ESM1 E3SM.1.0 INM.CMS NESM3
CAMS.CSM1.0 FGOALSf3.L IPSL.CMBALR NorCPM1

CanESM5 GFDLESM4 KACE.1.0.G TaiESM1
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Results - Trend Analysis

SSR trends in CMIP6 GCMs and observation

A counterpart figure is obtained for SSR.

1961 1971 1981 1991 2001 2011
year
ACCESS.CM2 CASESM2.0 GISSE21.6 MIROCE UKESM1.0.LL
ACCESSESM1.5 — CESM2 GISSE2.1H MPLESM.1.2HAM == GCMs_Mean
BCC.CSM2MR  — CESM2WACCM INM.CM4.8 MRIESM2 — Obs
GeMs BCC.ESM1 E3SM.1.0 INM.CM5 NESM3

CAMS.CSM1.0 FGOALS 3L IPSL.CMBA.LR NorCPM1
CanESM5 GFDL.ESM4 KACE.1.0.G TalESM1
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Results - TCS estimates for CMIP6

Table Summary statistics of TCS
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Results - TCS estimates for CMIP6

Figure Distribution of TCS in CMIP6 A t-test on global
Global TCS Land TCS TCS for CMIP5
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Figure Distribution of TCS in CMIP5
from Phillips et al. (2020)
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Results - TCS estimates for CMIP6
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Results - TCS estimates for CMIP6

Comparison of estimated global TCS with reported
global TCS
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Land-ocean warming ratio

Land-ocean warming ratio

The land-ocean warming ratio (WR) is defined as the warming rate
over land surface, W, divided by the warming rate over ocean
surface, Wo. In particular,

Temp; | = Tempg + W x t
Temp; o = Tempg.o + Wp x t

where t indicates for year.
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Land-ocean Warming Ratio

Table Summary statistics of » cMPe WR
WR
CMIP6  CMIP5 '
Min. 1.27 0.91 €.,
1st Qu. 1.46 1.34
Median 1.60 1.45 05
Mean 1.62 1.48
3rd Qu. 1.79 1.70 00 s . ! - .
Max. 2.04 2.34 ° © eom” °
St. dev  0.23 0.33 CMIP5 WR

CMIP5 WR is from Wallace and Joshi 20187,
20

A Welch two-sample t-test shows

that: '
t(34.59) = 1.64, p = 0.109 .
3C J J Wallace and M Joshi. “Comparison of land-ocean warming %"
climate models Comparison of land-ocean warming ratios in updated
In: Environmental Research Letters 13 (2018), p. 114011. por: 10.11 oo
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