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Abstract This study introduces the overall characteristics of LOVECLIM version 1.3, the
earth system model of intermediate complexity (EMIC), including the installation and operation
processes by conducting two kinds of past climate simulation. First climate simulation is the
equilibrium experiment during the mid-Holocene (6,000 BP), when orbital parameters were dif-
ferent compared to those at present. The overall accuracy of simulated global atmospheric fields
by LOVECLIM is relatively lower than that in Coupled Model Intercomparison Project phase 5
(CMIP5) and Paleoclimate modelling Intercomparison Project phase 3 (PMIP3) simulations.
However, surface temperature over the globe, the 800 hPa meridional wind over the mid-lati-
tude coastal region, and the 200 hPa zonal wind from LOVECLIM show similar spatial distribu-
tion to those multi-model mean of CMIP5/PMIP3 climate models. Second one is the transient
climate experiment from mid-Holocene to present. LOVECLIM well captures the major differ-
ences in surface temperature between preindustrial and mid-Holocene simulations by CMIP5/
PMIP3 multi-model mean, even though it was performed with short integration time (i.e., about
four days in a single CPU environment). In this way, although the earth system model of inter-
mediate complexity has a limit due to its relatively low accuracy, it can be a very useful tool in
the specific research area such as paleoclimate.
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Simulation of Past 6000-Year Climate by Using the Earth System Model
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document, source code, and inputdata for CLIO

directory of LOVECLIM source codes and inputdata

source code and inputdata for coupler

lbm — source code and inputdata for land model

directory containing script, documents, tools for executing LOVECLIM
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LOVECLIM v1.3 | - vecode }— source code for VECODE
Source Root ;
S
A vi3
documents for running predefined simulations
doc — ) .
such as Last Glacial Maximum
expdir - scripts for performing LOVECLIM experiment
[ tools source code of tool for executing LOVECLIM
4{ TOOOLS | directory containing tools for pre-processing and post-processing

Fig. 1. Source code structure of LOVECLIM version 1.3 and its brief description.
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Fig. 2. Grid system of CLIO represented by global bathymetry distribution. Blue region indicates the first spherical sub-grid
system based on classical longitude-latitude coordinates. Red region indicates the second spherical sub-grid system rotated with
two poles located at the equator (111°W and 69°E) for covering the North Atlantic and the Arctic.
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Table 1. Major parameters in experiment parameter file of LOVECLIM v1.3.

Parameter name

Description

texp experiment name
Scratchdir scratch path
SavingHost storage host name
SavingPath storage path
start y starting year
start d starting day
parameter for adjusting the starting point of the experiment. The starting day in the experiment is
initdate calculated as difference between the starting day composed from values of the parameters of
start y and start_d, and value of this initdate.
scenGHG directory name for greenhouse gases forcing in the LOVECLIM/V1.3/scenario
h activation flag for greenhouse gases forcing
ghe 1: activated, 0: deactivated, 2: 2 times CO, run
ghg2s start year for 2 times CO, run (ghg = 2)
sul activation flag for sulfate forcing
1: activated, 0: deactivated
03 activation flag for O; forcing
° 1: activated, 0: deactivated
scenTSI directory name for total solar irradiance forcing in the LOVECLIM/V1.3/scenario
tsi activation flag for total solar irradiance forcing
1: activated, 0: deactivated
scenVolc directory name for volcanoes forcing in the LOVECLIM/V1.3/scenario
vol activation flag for volcano forcing
1: activated, 0: deactivated
scenVeget directory name for vegetation forcing in the LOVECLIM/V1.3/scenario
ve activation flag for vegetation forcing
g 1: activated, 0: deactivated
vegs start year for vegetation forcing when vegetation forcing activated
scentopo directory name for topography in the LOVECLIM/V1.3/scenario
scenimsk directory name for ice-sheet mask in the LOVECLIM/V1.3/scenario
imsk activation flag for ice-sheet mask forcing
1: activated, 0: deactivated
scenfwf directory name for fresh water fluxes forcing in the LOVECLIM/V1.3/scenario
Al activation flag for fresh water fluxes forcing
1: activated, 0: deactivated
type of orbital forcing
cel 0: deactivated, 1: solar insolation change based on Berger (1978), 2: high frequency solar insolation
change based on Bretagnon (1982)
eccf eccentricity for solar insolation
oblf obliquity for solar insolation
omwebf angular precession for solar insolation
hyst activation flag for hysteresis run of CLIO

1: activated, 0: deactivated

Atmosphere, Vol. 29, No. 1. (2019)
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Install pre-requisite

. . Install udunits, hdf5, zlib, netcdf, and lapack
libraries

Modify the following files according to compile
environments, and make

- TOOOLS/Makefile

- RUN/V1.3/tools/Makefile

- RUN/V1.3/tools/atlas/Makefile

Compile modelling
tools and set build
environments

Modify the following files according to compile
environments
- RUN/V1.3/expdir/ref/make.macros

Prepare an . .. . .
] i:itial Make the directory containing the initial condition files
A . in RUN/V1.3/expdir/ref/ic
condition
Prepare experiment [—
P . . . L.
borf:j:re Make the directory contains boundary condition files in
weary LOVECLIM/V1.3/scenario
conditions
Define Create a parameter file that defines experimental
L—1 |parameters for parameters in RUN/V1.3/expdir
experiments (refer to the file of RUN/V1.3/expdir/exp.param)
Make a case Execute the following command in RUN/V1.3/expdir
directory ./newexp [parameter file name]
y
Execute the following command in the experiment
Perform the . . .
. directory created in RUN/V1.3/expdir
experiment
Jlaunch_r1
y
Process results usin t- i ipt d tool
Perform post- . g post-processing scrlp‘s and tools
rocessin of TOOOLS provided by LOVECLIM, or user's own post-
P 8 processing scripts.

Fig. 3. Flow chart of installation, pre-process, execution, and post-process for climate experiment with LOVECLIM version
1.3.
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a) surface tempearture (LOVECLIM) b) 200 hPa zonal wind (LOVECLIM) ¢) 800 hPa meridional wind (LOVECLIM)
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Fig. 4. Annual mean values (shading) and standard deviation (contour) of (a) surface temperature, (b) 200 hPa zonal wind, and
(c) 800 hPa meridional wind from LOVECLIM mid-Holocene experiment. (d, e, and f) Same as (a, b, and ¢) but for the multi-
model mean mid-Holocene scenario simulations by 6 CMIP5 models.
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Fig. 5. (a) Taylor diagram of December-January-February (DJF) surface temperature (red circle), 200 hPa zonal wind (yellow
square), 800 hPa meridional wind (blue triangle) of mid-Holocene simulation results by 7 models (LOVECLIM, and 6 CMIP5
models) compared to CMIP5 multi-model mean values. (b, ¢, and d) Same as (a) but for March-April-May (MAM), June-July-
August (JJA) and September-October-November (SON) values, respectively.
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Fig. 6. Time series of annual (green), boreal winter (December-January-February, blue), and boreal summer (June-July-August,
red lines)-mean surface temperature anomalies averaged over (a) the globe, (b) Northern Hemisphere, and (g) Southern
Hemisphere from mid-Holocene (6 kyr BP) to present (0 BP) by LOVECLIM transient climate simulation. Area-averaging for
the land and ocean is considered separately (shown by middle and right panels).
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Fig. 7. (upper panels) Linear trend in seasonal-mean surface temperature [K year™ x 6,000] of the LOVECLIM transient
climate simulation from mid-Holocene (6 kyr BP) to present (0 BP), and (lower panels) multi-model mean surface temperature
difference [K] between preindustrial and mid-Holocene scenario simulations by 6 CMIP5 models. Contour lines in bottom
panels indicate standard deviation of 6 models. December-January-February, March-April-May, June-July-August and
September-October-November seasons are considered from left to right panels.
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6128 3.4 GHz CPU, 64 GB RAM, CentOS 7 7|9t 2|59 3.10.0-862.3.2.e17.x86_64)°|™, U&= Intel
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Example of configuration

Compiler: intel Version 12.0.4.191 Build 20110427
OS: linux 2.6.37.6-0.5 x86_64 GNU/Linux

Requires

- udunits (1.12.11)
CC=icc CFLAGS='"-Df2cFortran -fPIC' ./configure --prefix=/opt/udunits

- hdf5 (latest)
FC=ifort F77=ifort CXX=icc CC=icc CPP='icpc -E' CXXCPP='icpc -E' CFLAGS="-Df2cFortran -fPIC' ./
configure --prefix=/opt/hdf5 --enable-fortran --enable-cxx

- netcdf (4.1.3)
FC=ifort F77=ifort CXX=icc CC=icc CPP='icpc -E' CXXCPP='icpc -E' CFLAGS="-Df2cFortran -fPIC'
CPPFLAGS="-l/opt/hdf5/include" LIBS="-L/opt/hdf5/lib64" ./configure --prefix=/opt/netcdf --enable-netcdf4

- udunits2 (latest)
FC=ifort F77=ifort CXX=icc CC=icc CPP='icpc -E' CXXCPP='icpc -E' CFLAGS='-Df2cFortran -fPIC' ./
configure --prefix=/opt/udunits2

- lapack & blas (latest)
Use your package manager

-antlr (2.7.7)
Use your package manager

- nco (latest)

FC=ifort F77=ifort CXX=icc CC=icc CPP='icpc -E' CXXCPP='icpc -E' CFLAGS='-Df2cFortran -fPIC'
CPPFLAGS="-l/opt/hdf5/include -l/opt/udunits2/include -l/opt/netcdf/include" LIBS="-L/opt/hdf5/lib64 -L/opt/
udunits2/lib64 -L/opt/netcdf/lib64" NETCDF4_ROOT=/opt/netcdf UDUNITS2_PATH=/opt/udunits2 ./configure
--prefix=/opt/nco

- cdo (latest)

FC=ifort F77=ifort CXX=icc CC=icc CPP='icpc -E' CXXCPP='icpc -E' CFLAGS='"-Df2cFortran -fPIC'
CPPFLAGS="-l/opt/hdf5/include -l/opt/udunits2/include" LIBS="-L/opt/hdf5/lib64 -L/opt/udunits2/lib64" ./
configure --prefix=/opt/cdo --with-udunits2=/opt/udunits2 --with-hdf5=/opt/hdf5 --with-netcdf=/opt/netcdf

¢ =4 golEE g = antly, udunit2 & NCO2F CDO2 Ax|d ALEEX9F HAl BAe] NCOE 9 o)
BEErt glojx AXx7t €t 38 NCO9 CDOE 2dHld] Ao AME-ERA o, »d ARo] 28
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# udunits 1.12.11
env CC=icc CFLAGS="-Df2cFortran -fPIC' PERL= ./configure --prefix=/data1/LOVECLIM/LIB13/udunits

# hdf5 1.8.19
env FC=ifort F77=ifort CXX=icpc CC=icc CPP='icpc -E' CXXCPP='icpc -E' CFLAGS="-Df2cFortran -fPIC' ./
configure --prefix=/data1/LOVECLIM/LIB13/hdf5 --enable-fortran --enable-cxx

# zlib 1.2.9
env FC=ifort F77=ifort CXX=icpc CC=icc CPP='icpc -E' CXXCPP='icpc -E' CFLAGS="-Df2cFortran -fPIC' ./
configure --prefix=/data1/LOVECLIM/LIB13/zlib

#netcdf 4.1.3

env FC=ifort F77=ifort CXX=icpc CC=icc CPP='icpc -E' CXXCPP='"icpc -E' CFLAGS='-Df2cFortran -fPIC'
CPPFLAGS="-l/data1/LOVECLIM/LIB13/hdf5/include  -l/data1/LOVECLIM/LIB13/zlib/include"  LIBS="-L/
data1/LOVECLIM/LIB13/hdf5/lib -L/data1/LOVECLIM/LIB13/zlib/lib" ./configure --prefix=/data1/LOVECLIM/
LIB13/netcdf --enable-netcdf4

# lapack 3.5.0 (make.inc 2] BLASLIB =74 2 92.)
cp INSTALL/make.inc.ifort make.inc

o]% TOOOLS/MakefileS o}2f} 7ol 44 & makeE A3t}

COMPILFORTAN = ifort
COMPILCPP  =iicc

NETCDFPATH = /data1/LOVECLIM/LIB13/netcdf
HDF5PATH = /data1/LOVECLIM/LIB13/hdf5
LAPACKPATH = /data1/LOVECLIM/LIB13/lapack

OPTIFLAGSFORTRAN = -02 -W1 -warn all
OPTIFLAGSCPP = -0O2

FORTANFLAGS = -cpp -convert big_endian -assume byterecl -align dcommon -free -Dlinux86
$(OPTIFLAGSFORTRAN)
CPPFLAGS = $(OPTIFLAGSCPP)

INCS = -Isrc -I. -I$(NETCDFPATH)/include
LIBSFORTRAN = -L$(LAPACKPATH)/lib -llapack -Iblas -L$(NETCDFPATH)/lib -Inetcdf -Inetcdff
LIBSCPP = -L$(NETCDFPATH)/lib -Inetcdf_c++ -Inetcdf
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RUN/V1.3/tools/Makefiles Thx3t 72o] 4 ¥ makeE A3t}

COMPILFORTAN = ifort
COMPILCPP  =icc

NETCDFPATH = /data1/LOVECLIM/LIB13/netcdf
HDF5PATH  =/data1/LOVECLIM/LIB13/hdf5

OPTIFLAGSFORTRAN = -02 -W1 -warn all
OPTIFLAGSCPP = -0O2

FORTANFLAGS = -cpp -convert big_endian -assume byterecl -align dcommon -free -Dlinux86
$(OPTIFLAGSFORTRAN)

CPPFLAGS = $(OPTIFLAGSCPP)

INCS = -Isrc -I. -I$(NETCDFPATH)/include

LIBSFORTRAN = -L$(NETCDFPATH)/lib -Inetcdf -Inetcdff

LIBSCPP = -L$(NETCDFPATH)/lib -Inetcdf c++ -Inetcdf -Inetcdff

RUN/V1.3/tools/atlas/Makefile2 o}ell ¢} 7o) 4 & makeES A 3P 3t}

export COMPILFORTAN = ifort
export COMPILCPP  =icc

export NETCDFPATH = /data1/LOVECLIM/LIB13/netcdf
export HDF5PATH = /data1/LOVECLIM/LIB13/hdf5

export OPTIFLAGSFORTRAN = -O2 -w -zero -vec_report0 -i-dynamic
export OPTIFLAGSCPP = -O2

export FORTANFLAGS = -cpp -convert big_endian -assume byterecl -align dcommon -extend_source -
Dlinux86 $(OPTIFLAGSFORTRAN)
export CPPFLAGS = $(OPTIFLAGSCPP)

export INCS = -Isrc -I. -IS(NETCDFPATH)/include
export LIBSFORTRAN = -L$(NETCDFPATH)/lib -Inetcdf -Inetcdff
export LIBSCPP = -L$(NETCDFPATH)/lib -Inetcdf c++ -Inetcdf -Inetcdff
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RUN/V 1.3/expdit/ref/make.macrosS T3} 7ro] A},

AR =ar

ARFLAGS = -cvr

CC =icc

CFLAGS = -06 -arch host ${EXTRACFLAGS}
CMD = emic.x

CPP =icc-E

CPPFLAGS = ${EXTRACPPFLAGS}

DEFS = -DHAVE_CONFIG_H

EGREP = egrep

FOOEXT = ifort

FC = ifort

FFLAGS = -w -zero -vec_report0 -static -O1 -ipo -i4 -r8 -cpp -l./sources -convert big_endian -assume

byterecl -align dcommon -extend_source ${EXTRAFFLAGS}
FMAKEDEPEND = ${FC} -M ${FFLAGS}

FMODINC =

FOPTSEP =

GREP = grep

GZIP = gzip

LD = ifort -vec_report0

LDFLAGS = ${EXTRALDFLAGS}

LIBS = ${EXTRALIBS}

MAKE = make

MAKEFILE = Makefile

MAKEFLAGS =

MODEXT =mod

NETCDFINCLUDE = -l/data1/LOVECLIM/LIB13/netcdf/include
NETCDFLIB = -L/data1/LOVECLIM/LIB13/netcdf/lib -Inetcdf -Inetcdff -L/data1/LOVECLIM/LIB13/hdf5/lib -
Ihdf5 -Ihdf5_hl

SED = sed

TAR = tar

TARCFLAGS = cvLf
TARRFLAGS = rvLf
UDUNITSINCLUDE = -l/data1/LOVECLIM/LIB13/udunits/include
UDUNITSLIB = -L/data1/LOVECLIM/LIB13/udunits/lib -ludunits
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