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SUMMARY

|. Title

Study of change in Arctic sea ice during last 6,000 years by using

global climate model

1. Purpose and Necessity of R&D

- Climate models are useful tools for studying past climate,
understanding of current climate, and forecasting future climate
change.

- Recent research on the impact of Arctic sea ice changes on the
mid-latitude regions has been actively conducted, but there has been
little research on the past long-term changes in sea ice and its
linkage with mid-latitude

- Transient climatic change simulation from the middle Holocene to
the present can contribute to the understanding and prediction of
the changes in sea ice and relationship between Arctic sea ice
change and mid-latitude climate

- The spatial and temporal distribution of Arctic sea ice over the last
6,000 years produced by transient climate change experiments can
be used for comparative studies with the sea ice reconstruction data

produced in the Korea Polar Research Institute.

”l Contents and Extent of R&D

o Simulating Arctic sea ice change over the past 6,000 years using the
earth system model of intermediate complexity and the Earth system
model and Analyzing the long term variability of Arctic sea ice
- Simulation of Arctic sea ice change over the past 6,000 years using

earth system model of intermediate complexity
- Simulation of Arctic sea ice change over the past 6,000 years using

Earth system model



- Analysis of long-term change of Arctic sea ice over 6000 years
- Analysis of relationship between Arctic sea ice and atmospheric

circulation over the Northern Hemisphere

|V R&D Results

- The Earth System Model of Intermediate Complexity LOVECLIM and
the Earth System Model CESM well simulated the change in global
surface temperature over the past 6,000 years, resembling the
distribution of multi-model mean surface temperature difference in
the mid-Holocene climate and the preindustrial climate performed by
the CMIP5 models

- The Earth System Model of Intermediate Complexity LOVECLIM and
Earth System Model CESM simulates the increases in concentration
and thickness of annual mean Arctic sea ice according to changes in
orbital parameters during the past 6,000 years, and this tendency to
increase in sea ice mainly occurs in boreal summer and autumn

seasons

- The Warm Arctic Cold Eurasia (WACE) pattern, which shows the
surface temperature dipole between the Kara-Barents Sea region and
the East Asia region, from the past 6,000-year transient climate
change experiment simulated by the CESM shows decadal variability
consistent with previous study. In addition, the 21-year moving
correlation between sea ice in the Kara-Barents Seas and WACE
shows multi-decadal variability during past 6,000 years.

V. Application Plans of R&D Results

- Utilizing the earth system model of intermediate complexity and the
earth system model as the basis of a modeling system for the
long-term climate change simulations such as paleoclimate
simulation.

- The Arctic sea ice and global climate data of the past 6,000 years
reproduced through this study can be used as comparative data of

paleoclimate reconstruction

_Vi_
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LOVECLIM
V1.3
clio document, source code, and inputdata for CLIO
[ ecblit document, source code, and inputdata for ECBILT
ecbilt_clio source code and inputdata for coupler
lbm | source code and inputdata for land model
- scenario inputdata for default scenario
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Source Root |
1 RUN
vi.3
" dot such as Last Glacial Maximum
expdir scripts for performing LOVECLIM experiment
tools source code of tool for executing LOVECLIM

| TOOOLS directory containing tools for pre-processing and post-processing
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834 o 2= Chou and Neelin (1996) 3} AL A3ty dup EAL 344
Held and Suarez (1978) W& ¥4, bulk formula 7|8 d¥ % #Ad o= E

G 7N A 2ol

o
£

o 2 el md CLIO: side 388 2ostr] ¢38te] Navier-Stokes
WA A S Boussinesq 2 A3 2AE EF dojzl AAWAA (primitive
equation)= AF&3th T3 Gent and Mcwilliams (1990)o A A|<tEl o} A=}

Fm ool ol% £9 2 AR B BAo] EFE ol gon oA Fre

=



AT 3% 7]¥F Arakawa B-grid, ¢1%] z-coordinate 7]%F

o2 A, o

32 Goosse and Fichefet (1999)e 4 #|t¥ Mellor and Yamada 2.5

d (Mellor and Yamada, 1982) 7]

X2

=
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S & Moz o T DA 7o
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%)

Ardl (dynamic global vegetation model)9] 7+A3} & ejolt}. A A7) 5HE

(plant functional type; PFT)& Aibst= AAAFzEE

primary production; NPP)& 9438+ AXststad PRETO A% Axle] 2
el

BPUE AARE queyyrgor 74

i

(grasses)?] 7F AFEEH, Ul 227F ofd X9 Algtow EEE
o A BATFE 9 (leaves) 59 =4 A=A (green biomass), =71
(stems) B PE] (roots) 59 +& AEA (structural biomass), W7 &
(woody residues), F2& (humus) 4&° AFael s A€ NPP= 7

2] 7|k =3l whoto] whel AlAbE ol A A WA whEl B E )
2. LOVECLIMY AHAAH 71FH4d S 4% FA 637 FEAAH ZA

LOVECLIM FHAE o4&, AFAHS 71&7]
ATFFAAE Hte] wE g EAF FAHe] WaE A8 4 ) =
CO,, CHj; NO, CFCe F8 227|459 +Fx9 w3t total solar
irradiance (TSDe] <Aw®ish A4 5 Zz1e] Awsl APz Wsts A&
g 9l

DL

ullf
i
-
—y
e
o

S 233 ARAE 410G 5 Wm'2 A2 Z7sttr) ol % 2:dy 443
e, Bukt ALH (JJA)S oFF F7FE AT 5 ) oo wE o E 3
ALH] HIFEA gArlEFe] AolR AAEE ARAPES AEHoR 7FAada

=
th (Wanner et al.,, 2008; L3 8).
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Change in December insolation

Change in June insolation b

DI [W/m?)

DI [Wim?

PArFel Aol Adwt Al WL (Wanner et al., 2008)

L}, Total Solar Irradiance2] W3}
HEdE Be)E T3l BEA7E 715
o] HMglE FAT 4 9l Steinhilber et al. (2008)° A= ©]
TSI¢] ®istE HAdsdtt (29 9). 59 AdolA = TSIY

S BgF & gov, o]F Fd TSI
= W B sl
Ak 93001 7He]
A Mael A= 5WE F714e] et gom, & o

W, 1044, 150, 208+, 3504, 510, 71009 F=7]/4d o] e
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" k ! T T T I | ! LI '

1 )\'lm'l 4 glkq i B Sul g8 A4 M
A A W WA VW
VP u&mﬁwuw i WWWW \ J U \r‘ﬂ W

7000 6500 6000 5500 Y-so'oo 500 4000 3500 3000
ear

. .
5 NTTWNY
St |I .
500 2000 7500 7000 500 0 500 7000 7500 2000
Year
a7 9. BRI 7Sl Ed® TSI #A 9300de] W3}

1= [e]
403 Hoa9 oy A JdAILe (g9 EIFAA d9S YEY
(Steinhilber et al., 2008)

CO2, CH,9 =+ 37 6319 "dAHow =718
Al S715H 1,0008 A7A = A9 W7 e Aoew G Ut (29
10). olg]8t LAV AEL A W) o] F2A35)

(Wanner et al., 2008).

a 290 ¥ 375
285[ 360
= I B
280 325 T
£ -
& 275 200 3
o - |£4
a j
g 2n0f 275
265 (5%
- PRICE
#1500 Q
B
1250
1000 &
] <
- 750
280 a0
2 270 I iaoo Z
2 - =
Q 26 :f' 0 E
L] », L Sy 3| z
z < Pomte =
W A STET Log0
250 ! L ! 1 1 | L
6000 5000 4000 3000 2000 1000 2000 1000 0

age [cal yr BP] age [cal yr BP]

a9 10, ¥4 61d7re] COs CHy, NO FE9 W3} (Wanner et al.,
2008)
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EZE AFA2Erd LOVECLIMY E2A4 F7] 71% #H3 A3
2 IAA 619 FAFH 1FLE 9

of

b

7. LOVECLIM®| A9 3 Wy A

wdol AYE fsiA= RUN/VIS/expdir d2°] A3 A4 o] o
i 7l ¥ (parameter) ES Fdste = A 2A FAFAF st 9 A

2o EA5lE 71 Ad HAA FYE expparam oW, F 1] o] AF A
3 adel A dubAel VFARE fE Al HE Fe WFEEY 555 A
gttt o] A3 A gfdS s A AA 2 FAH FH T
AR E=AeE newexp £AHEE o] &t AAFH AP olFE (texp "IN
el At 7hS 71K ske dE e A3 s 98 ~aAgEE]
A ARG o] A 2aYEEL 100d AT I AAdHEY, 2z

sager F9ee 1004 49 3L gustd e 1008 A9 Fag

ggdete o 2AHEES Aedon AP EE FHol ) wekx R W
A AP 22 HESQ] launchrlS Adets slewm HAZ 7|te] AA A3

(SavingHostu] 7] W42 (A48 A9} 59 Avje AAE AR A=

(SavingPath w7l =0 A A3 gh o2 o] F ],

¥ 1. LOVECLIM v1.39] 8 Ag AA wj7iHs

Parameter . .
Description

name

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 calculated
initdate as difference between the starting day composed from

values of the parameters of  start y and start d, and value
of this initdate.

directory name for greenhouse gases forcing in the
scenGHG LOVECLIM/V1.3/scenario
ghg activation flag for greenhouse gases forcing
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1: activated, O:deactivated, 2: 2 times COorun
ghg?s start year for 2 times CO.run(ghg=2)
sul activation flag for sulfate forcing
1: activated, O:deactivated
03 activation flag for Osforcing
1: activated, O: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, O:deactivated
scenVole directory name for volcanoes forcing n the
LOVECLIM/V1.3/scenario
vol activation flag for volcano forcing
1: activated, O:deactivated
scenVeget directory name for vegetation forcing in the
& LOVECLIM/V1.3/scenario
ve activation flag for vegetation forcing
g 1: activated, O:deactivated
vess start year for vegetation forcing when vegetation forcing
g activated
directory name for topography in the
scentopo LOVECLIM/V L.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, O:deactivated
scenfwf directory name for fresh water fluxes forcing in the
LOVECLIM/V1.3/scenario
fwt activation flag for fresh water fluxes forcing
1: activated, O:deactivated
type of orbital forcing
cel O:deactivated, 1:solar insolation change based on Berger
(1978), 2high frequency solar insolation change based on
Bretagnon (1982)
eccf eccentricity for solar insolation
oblf obliquity for solar insolation
omwebf angular precession for solar insolation
hvst activation flag for hysteresis run of CLIO
y 1: activated, O:deactivated
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27k o AR A gzl EAMEY, s o]

RUN/V1.3/expdir/ref/repo @ EZ] HFLdE2 WES TAHSH o]F A4

i)

W

Rowg EAFG ek A AFdEE 2000408 dhE A (28 Ao

A start_y mRAE ] ghel 2000) ic001999_360 1@ EE]7F A astch 1

o] 7|2 d¥Eee] Y95 LOVECLIMS] 715 A3dA 44+
A

= AF AN RdEF sdetnh weA tE 7S AP A=

AN A GdES o] &3t 2721 FLdES AA AT 5 ATt

st A3S 99k AAFES LOVECLIM/V1.3/scenario’d 2o t]eEe
2 AT F Utk o] ARAdE HT Hd HAFE 9 AARAES 32
Default 9 E2|7} 7|24 0w EAgtt A4 G 9dolA scene = Al Z
3t w7 M5 (scenGHG, scenTSI, scenVole 5)o A AE #2149 #E

2 9 ARoA o] AL HEEd EAste Y £ YRR A}
£t} o & = scenGHG 2] #kel Default$] 87,
LOVECLIM/V1.3/scenario/Default 74 2| ¢i= GHG.dat Lol A= &2
712 s YRR AMESt 7]E YEES Default TP ED ]
README 3= o i#atd 5o F77F Aelsol vk 27 110X +=

ol#g A3 ¥ A Fo dAE 555 AYsAh
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1
11

% 11. LOVECLIM version 1.3¢] & Ax 2 2

. =24 %7] (mid-Holocene) %

6N E2A TV N

udunits, hdfs, zlib, netcdf, lapack & & Tl

OE2 MakefileEE EME N BHLA 2T E=
StOIECicle HEE +=EH B H make =8

- TOOOLS/Makefile

- RUN/V1.3/tools/Makefile

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

% PO B0 B0 28D Y

RUN/VL3/expdirfreffic 220 & 8 =J| T3
| B»ll -E E-l )-H)c

(7% CI®EZ| 2l icon1949_360 1)

LOVECLIM/V1.3/scenarioc S22 & & AlLI2IZ2E
ClHED 44

(& Ol ECi 2l Default #13)

RUN/V1 3fexpdirs] & & S5 MY &
{RUN/V1 3/expdir®] exp param IH2 &)

RUN/VI3fexpdirfl A CHE2 T8 &8
JSnewexp [HE EE JLEQ]

RUN/VL3fexpdir(] M dE &8 [IHEC|H A
CiE2o Hy a8

Jlaunch_rl

A A M- netcdf HACE HEFE.

LOVECLIMU| Al HIZBSt= £ HE 238EL

TOOOLSS| HE =7, = Hf B4t A
= H

23EHEE U ESHH

Zl

49 59 ZzA 2 A



o A AW 2 Ut (PFFAog wolE £ 9 71F o)A A7 9
% 2ol (Hewitt and Mitchell, 1996), PMIP2] 1x}3-E 4x}7p# 9] =
GAe A FaEHALT U= T8 HYU|FAFH dtolt} (Kageyama

et al, 2018). 5z HggwAzr A3 v ZEAHE  (Coupled Model

o

Intercomparison Project phase 5; CMIP5) ¥ PMIP3o Al #| &5 += 24
7] 2718 AFEste] 50006%te] HE 79 HAEES TS o] AF
o A ALE3F ATFAAE, 227A, A 5o A %

gl of Ut

X 2. E2AN TV A8 78 AA

Type Setting
eccentricity = 0.018682
Orbital parameters obliquity = 24.105°
angular precession = 0.87°
CO9=280ppm
CH4=650ppb
Greenhouse gases N-O=270ppb
CFC =0
03=0
Solar constant 1365 W m*
vegetation same as preindustrial
ice—sheet same as preindustrial

topography and coastlines | same as preindustrial

t}. 24 F7] (mid-Holocene) & 7]% A3 ZAylo] wlu #4

a9 12+ LOVECLIMSY Z=2ZA F7] JEAYE 239 mhx= 100d 7
CMIP5/PMIP3¢] CCSM4, CNRM-CMb5, FGOALS-g2, IPSL-CM5A-LR,
MIROC-ESM, MRI-CGCM3 & 6% RdE9 Z 24 %7] (mid-Holocene)

AluEl e Aol Zb 100d AdE EEE Ftdk Ak 200 hPa &4

Zpe] FEEolrh. kA Al gk wpek o] LOVECLIMS| w7 dle] A=Azt
200, 500, 800 hPa 3F<o= A HoI07] wiel 800 hPa WS H|

WA A

e

sl

_22_



a) surface tempearture (LOVECLIM) b) 200 hPa zonal wind (LOVECLIM) ¢) 800 hPa meridional wind (LOVECLIM)

BOS = 2 2

! &Taz’

08 T T T T T T T T T T T T =TT T 908 T BN L Ll g
0 30E BOE 90F 120E150E 180 150WI20W90W 6OW S0W 0 0 aoE 60E 90F izoEmE mowowwzowsow BOW 30W 0
[T TT 1] [ ]
246 255 264 273 282 281 300 -30 24 18-12 6 0 B 12 1B 24 30 5 -4 3210 12 3 4 5
Kl [ms"] Ims"]

d) surface temperature (CMIPS mean) €) 200 hPa zonal wind (CMIP5 mean) ) 800 hPa meridional wind (CMIP5 mean)
. - =y

L SR JRAE FASRAN EMdn A ERANES BTN N RN SN EASMN B Trrrr T T
0 30E BOE 90E 120E150E 180 150W120WO0W BOW 30W O 0 30E BOE S0E 120E150E 180 150W|20W90W BOW 30W 0 0 30E BOE S0E 120E150E 180 150W|20Wa0W BOW 30W 0

246 255 284 273 282 291 300 -30 24 18 12 8 0 6 12 18 24 30 5 43 2 10 1 2 3 45
[K} [ms'] [ms']

218 12. LOVECLIM®] E24 7] B2 mold Auu)7] &%, 200 hPa A1
& vhe, 800 hPa w1 @ whghe] ek e W5 CMIPS é:lfé Aol Bk o
e A BT

LOVECLIMS dAdHy A %9 9 9 §% ¥ wE A3 BX

of, = L EAGNA = e WEde] £ 5o 71EH<

B3 A9 AdH oz dstA 2olsta gt (Figs. 4a and 4d). 200
hPa &A1%a vhgte] 49 LOVECLIMS Subgtel Wbyt F9j oA 7
A UEGE HAFE AR o] Rukie] HEjH g A FellA A
T WEAdel AA dehde 548 #ZF R vk 2Py
CMIP5/PMIP3 ®.°] Z#o] Hyto] H|ste] F&53 WEAdo] BF kA
BojsEw, wukge] WEAd A Rxe Amvh g2 depdr E=d
CMIP5/PMIP3 %.¢] ZA3}ol| H]3}lo]

w9 3t A vEbdTh E$ 800 hPa FEEEF vl CMIP5/PMIP3 R
Aol Hlste] A= Y oA H

§ LOVECLIM®| A=xoe] okgt Fawsk npghe] Heo] EAFL FA
DA HAAAE AFESe] wE Edog FAHHAT. @ fEer 2 &

ul ogdul ol gyl 5 Y E S Aere] 800 hPadHWak vlge] B¥ =



CMIP5/PMIP39l A R HE= Bx7t Aoz & noxa 9

Lo wet ofe urlF 2 dEel Fd8¥ vk dvk (Yin et

Sundaram et al., 2012; Caley et al., 2014, Nikolova et al., 2013).

o ol# gt
LOVECLIM®| W5 <dtellA o] st nbbage] ez w2 Hojidsh

al.,, 2008;

ol#1gk LOVECLIM®| A& =e SAS A%, 200 hPa 41

vk 800 hPa WF&93F niele] LOVECLIM 239} 6F<2 CMIP5/PMIP3

2d 5o E2A TV AY

il

o 67 E

i)
lo

EE Hetol o

of

diagram; Taylor, 2001)< 3l 23X gt (2 13).

a) DJF

b) MAM

=] 3 N
= =l

[}

o A VBOO ’ .

1.50 = Uz00 1.50

1 - LOWVECLIM
2. CCSMa
3 - CHRM-CMS
4 - FGOALS-g2
5« IPSL-CM5A-LR
6 - MIROC-ESM
7« MRI-GGCM3

= o g
= =3 ]
o =1 o

=
in
=]

Standardized Deviations (Mormalized)
Standardized Deviations (Mormalized)

0.25

0.00 b

AFo=ek FEHAY Hles dEd HLH dolod

g A

0.25 .50 075 REF 125
d) SON
B
@ o oy

S =
=

Standardized Deviations (Mormalized)
Standardized Deviations (Normalized)

0.25 0.50 0.75 REF 1.25 1.50 . .25 050 075 HEF 125 1.50

19 13. LOVECLIM# CMIP5 R ®150] 2ojd W%, 200 hPa SA1%3F npgh

800 hPa wWEwakulgte] CMIP5 #Hatoll thah a1t #AS5, T=Axte v &
A e L ejrfo]of 13,
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RS w7t vA ey, AW 5] A thE CMIPS/PMIP3 EEE&
I v ustds w A ZIAFEES HolA gk 200 hPa $A W& v,
800 hPa Y4 nigte] A$ & A= ®Ar 200 hPa AW
vhgkel A9 Ex o] AAE CMIPS/PMIP3S Hr )k fFAFs, 0.95 o] <]
zk= CMIP5/PMIP3 R& &0 Hlgke] HRb 7k (peorr =
0.84), HWH+ A& (pcorr = 0.80), &5+ AL (pcorr = 0.77), H¥b &
(pcorr = 0.76) w22 FIAAE7E WA vERdTh 800 hPa 513k vt
gto] A% t2 CMIPS/PMIP3 252 oF 09 Axe F4TAEE Ho
W RFGLErE gE W Hete] o A vk LOVECLIM®| 75

53]
04-05 AEE ARAAZ 53 23, REAA) W& oA BT AL

O

A5 Adsta 27 dolA= SA4S Bt

. 224 7] (mid-Holocene) — @Al "4 71913} A3 43

LOVECLIM= ol &3dto] =24 T7I58H dAA7tA e A4 7|53 A
s AT A AT Hksk 2ol FRA FUI dAls Adxde
W7k Ao glom, AFEAALd o3 HEEAIFS EEA F7]NE
AAEH 7] JHAAAE B JEH] B HIAYE FHoE A&
ashal Webt ol o] A kg A= A gelA °F 2,000 BP

[e=]
-
NA = ZFrbettrb o]3 rAastE Aow d# At (Wanner et al,

lo
t

2008; Lorenz and Lohmann, 2004). o]o] w2} Atdaw 7] o]jd A& =H
S A 71zbel Abgska, 224 F7] (6,000 BP)FE A17] 19501 (0 BP)7}
A A FFAAE Ao 2 B EEARFe] WS Berger (1978)0l uwhe}

Atk AT AAE Mol 27g2 % 20 Aold E=A TV #

oft

Fae v 2o} sk A7) 9 Bl YAS= Fischer and Jungclaus (2011)
o] T2AN FV|-dAl XA 7]$¥st Ay v ER 24 F7]Y

e A A7 AFEEler o] gEd & 20 AelEo Aot

EaN
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T, ekt 9 Eek e Ht WskE
o (29 14). |A A7 Hd 29
Holu o]gjdl Zthol= EHwk it o E3H (June-July-August; JJA), E3] &
A A W 2A 7l gdd 69t -1.34 K. HER ASH
(December-January-February; DJF)2 o]# gt 74 7d ko] nf-$-

gy (63193 -0.05 K), 54 Ao 45 23 F7hste 43S B4
o (6HEZF 017 K). A g A9 6:dzhe] v W3t dddS 64
W7k 035 Koz A HF H3)

24 o5 047 K, A& -0.19

K2 ¥ A4 5% ghss 482 2

o},

a) Global (Land + Ocean) b) Global (Land) c) Global (Ocean)
S N L L L L i iy et N L N L b wi s N L N L N g
7 10 P 20 5
&
g
i
00 4 10 &
g
E =
) A —— 0 5 | 205
a ]
20 + T T T T T T 20 + T T T T T Tt 2 T T T T T 10 0
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 600D G 1000 2000 3000 4000 5000 6000

d) Nerthern Hemisphere (Land + Ocean) @) Northern Hemisphere (Land) f) Northern Hemisphere (Ocean)
- N L . L L - ' N L L L " o - s " N L .

10 £ M'Mﬁfuhmmpm i ll':t‘ %
* . JUT R T

240 =+ T T T T T T 1.0 2 £ o T T T T T T *
0 1000 2000 3000 4000 5000 6000 O 1000 2000 3000 4000 5000 6000 © 1000 2000 3000 4000 5000 6000
a) Soulhem Hemusphere (Land + Ocean) h) Southern Hemisphere (Land) i) Southern Hemisphere (QOcean)

i L 10 q 204 L " . " " EG 20 L L . L L
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s

20 % T - T - et 3.0 1.0 20
a 1000 20000 3000 4000 5000 BOOO 0 1000 2000 3000 4000 5000 6000

1% 14. LOVECLIMS] 34 6343t A4 /1598 44 mold st 4 A
oz FRael AW AWE AT, BT, dUT A9 BT AW Lw A 63
Wzt W3k 0= 6000 BPE e,
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& Folxglgl ARt FE A, def=tE AL g Al A AW
%90 F7HE R sh=dl, CMIPS/PMIP3S] Hitol = &4 A x| G A
S7F dEbda Ak sk A9l A9 LOVECLIM® w3t A&
CMIP5/PMIP3 Htofl Hlate] ofalA YJeEfUAIRE A Mg F 27}
+E TGS & mojEa Qi) JJA9]

okt A s Aol A9 shalst A gFdeo] LOVECLIM# CMIP5/PMIP3
A TEHom Yetval glow, FolxEtet S5 Ao 2dste ¥
Ao R Ve gtk A s SA G A HFuHE G g A
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Model Grids: name (alias)

model grid: a%»CLM_USRDAT_1%CLM_USRDAT_0i%CLM_USRDAT _r%null_m%reg_g%null_w%null

model grid: a%1x1_numalA_1%1x1_numalA_o0i%1x1_numalA_r%null_m%reg_g%null_w%null

model grid: a%1x1_brazil_1%1x1_brazil_oi%1x1_brazil_r%null_m%reg_g%null_w%null

model grid: a%1x1_smallvilleIA_1%1x1_smallvilleIA_o0i%1x1_smallvilleIA_r%null_m%reg_g%null_w%null
model grid: a%1x1_camdenNJ_1%1x1_camdenNJ_o0i%1x1_camdenNJ_r%null_m%reg_g%null_w%null

model grid: a%1x1_vancouverCAN_I%1x1_vancouverCAN_o0i%1x1_vancouverCAN_r%null_m%reg_g%null_w%null
model grid: a%1x1_tropicAtl_1%1x1_tropicAtl_oi%1x1_tropicAtl_r%null_m%reg_g%null_w%null

model grid: a%1x1_urbanc_alpha_l%1x1_urbanc_alpha_oi%1x1_urbanc_alpha_r%null_m%reg_g%null_w%null
model grid: a%5x5_amazon_l%5x5_amazon_oi%5x5_amazon_r%null_m%reg_g%null_w%null (alias S5amazon)
model grid: a%360x720cru_l%360x720cru_o0i%360x720cru_r%r05_m%360x720cru_g%null_w%null

model grid: a%T31_1%T31_0i%gx3v7_r%r05_m%gx3v7_g%null_w%null (alias T31_g37)

model grid: a%T85_1%T85_0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias T85_g16)

model grid: a%T85_1%0.9x1.25_0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias T85_f09_g16)

model grid: a%T85_1%0.9x1.25_0i%tx0.1v2_r%r05_m%gx1v6 _g%null_w%null (alias T85_f09_t12)

model grid: a%T85_1%0.23x0.31_0i%tx0.1v2_r%r05_m%gx1v6_g%null_w%null (alias T341_f02_t12)

model grid: a%TO05_1%T05_0i%T05_r%r05_m%gx3v7_g%null_w%null (alias TO5_TO05)
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grid:
grid:
grid:
grid:
grid:
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grid:
grid:
grid:
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grid:
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grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
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grid:
grid:
grid:
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grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:
grid:

a%T21_1%T21_0i%T21_r%r05_m%gx3v7_g%null_w%null (alias T21_T21)
a%T31_1%T31_0i%T31_r%r05_m%gx3v7_g%null_w%null (alias T31_T31)
a%T42_1%T42_0i1%T42_r%r05_m%usgs_g%null_w%null (alias T42_T42)

A% T62_1%T62_01%gx3v7_r%rx1_m%gx3v7_g%null_w%null (alias T62_g37)

A% T62_1%T62_0i%tx1v]_r%rxl_m%tx1lvl_g%null_w%null (alias T62_s11)
a%T62_1%T62_01%tx0.1v2_r%rx1_m%tx0.1v2_g%null_w%null (alias T62_t12)

A% T62_1%T62_0i%gx1v6_r%rx1_m%gx1v6_g%null_w%null (alias T62_g16)
a%0.23x0.31_1%0.23x0.31_0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias f02_gl16)
2%0.23x0.31_19%0.23x0.31_0i%tx0.1v2_r%r05_m%tx0.1v2_g%null_w%null (alias f02_t12)
a%0.47x0.63_1%0.47x0.63_0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias f05_g16)
a%0.47x0.63_1%0.47x0.63_0i%tx0.1v2_r%r05_m%tx0.1v2_g%null_w%null (alias f05_t12)
a%0.9x1.25_1%0.9x1.25_0i1%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias f09_g16)
a%1.9x2.5_1%1.9x2.5_0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias f19_g16)
a%1.9x2.5_1%1.9x2.5_0i%tx1v1_r%r05_m%tx1v1l_g%null_w%null (alias f19_s11)
a%4x5_19%4x5_0i%gx3v7_r%r05_m%gx3v7_g%null_w%null (alias f45_g37)
a%1.9x%2.5_1%1.9x2.5_0i%gx1v6_r%r01_m%gx1v6_g%null_w%null (alias f19_gl16_r01)
2%0.23x0.31_190.23x0.31_0i%0.23x0.31_r%r05_m%gx1v6_g%null_w%null (alias f02_f02)
2%0.47x0.63_1%0.47x0.63_01%0.47x0.63_r%r05_m%gx1v6_g%null_w%null (alias f05_f05)
a%0.9x1.25_1%0.9x1.25_01%0.9x1.25_r%r05_m%gx1v6_g%null_w%null (alias f09_f09)
a%1.9x2.5_1%1.9x2.5_0i%1.9x2.5_r%r05_m%gx1v6_g%null_w%null (alias f19_f19)
a%2.5x3.33_1%2.5x3.33_01%2.5x3.33_r%r05_m%gx1v6_g%null_w%null (alias {25_f25)
a%4x5_1%4x5_01%4x5_r%r05_m%gx3v7_g%null_w%null (alias f45_f45)
a%10x15_1%10x15_0i%10x15_r%r05_m%usgs_g%null_w%null (alias f10_f10)
a%nel6bnp4_l%nelbnp4_o0i%gx3v7_r%r05_m%gx3v7_g%null_w%null (alias nel6_g37)
a%ne30np4_1%ne30np4_o0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias ne30_gl6)
a%ne30np4_1%1.9x2.5_0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias ne30_f19_gl16)
a%ne30np4_1%0.9x1.25_0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias ne30_f09_g16)
a%ne60np4_1%ne60np4_o0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias ne60_gl6)
a%nel20np4_l%nel20np4_oi%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias nel20_gl16)
a%nel20np4_1%nel20np4_0i%tx0.1v2_r%r05_m%tx0.1v2_g%null_w%null (alias nel20_t12)
a%nel20np4_1%0.9x1.25_0i%gx1v6r%r05_m%gx1v6_g%null_w%null (alias nel20_f09_g16)
a%nel20np4_1%0.23x0.31_0i1%tx0.1v2r%r05_m%tx0.1v2_g%null_w%null (alias nel20_f02_t12)
a%ne240np4_1%ne240np4_o0i%gx1v6_r%r01_m%gx1v6_g%null_w%null (alias ne240_g16)
a%ne240np4_1%0.23x0.31_0i%gx1v6_r%r05_m%gx1v6_g%null_w%null (alias ne240_f02_g16)
a%ne240np4_1%0.23x0.31_0i%tx0.1v2_r%r05_m%tx0.1v2_g%null_w%null (alias ne240_f02_t12)
a%ne240np4_1%ne240np4_o0i%tx0.1v2_r%r05_m%tx0.1v2_g%null_w%null (alias ne240_t12)
a%nel6np4d_l%nel6np4_oi%nel6np4_r%r05_m%gx3v7_g%null_w%null (alias nel6_nel6)
a%ne30np4_1%ne30np4d_oi%ne30npd_r%r05_m%gx1v6_g%null_w%null (alias ne30_ne30)
a%ne60np4_1%ne60npd_oi%ne60npd_r%r05_m%gx1v6_g%null_w%null (alias ne60_ne60)
a%nel20np4_l1%nel20np4_oi%nel20np4_r%r05_m%gx1v6_g%null_w%null (alias nel20_nel20)
a%ne240np4_1%ne240np4_oi%ne240np4_r%r01_m%gx1v6_g%null_w%null (alias ne240_ne240)
a%T31_1%T31_0i%T31_r%r05_m%gx3v7_g%gland10_w%null (alias T31_T31_gl10)
a%1.9x2.5_1%1.9x2.5_0i%1.9x2.5_r%r05_m%gx1v6_g%gland10_w%null (alias f19_f19_gl10)
a%0.9x1.25_1%0.9x1.25_01%0.9x1.25_r%r05_m%gx1v6_g%gland10_w%null (alias f09_f09_gl10)
a%T31_1%T31_0i%gx3v7_r%r05_m%gx3v7_g%gland10_w%null (alias T31_g37_gl10)
a%1.9x2.5_1%1.9x2.5_0i%hc2b7_r%r05_m%gx1v6_g%gland10_w%null (alias f19_gl16_gl10)
2%0.9x1.25_19%0.9x1.25_0i%gx1v6_r%r05_m%gx1v6_g%gland10_w%null (alias f09_g16_gl10)
a%T31_1%T31_0i%T31_r%r05_m%gx3v7_g%gland5UM_w%null (alias T31_T31)
a%1.9x%2.5_1%1.9x2.5_0i%1.9x2.5_r%r05_m%gx1v6_g%gland5UM_w%null (alias f19_f19)
2%0.9x1.25_1%0.9x1.25_01%0.9x1.25_r%r05_m%gx1v6_g%gland5UM_w%null (alias f09_f09)
a%T31_1%T31_0i%gx3v7_r%r05_m%gx3v7_g%gland5UM_w%null (alias T31_g37)
a%1.9x2.5_1%1.9x2.5_0i%gx1v6_r%r05_m%gx1v6_g%gland5UM_w%null (alias f19_g16)
a%0.9x1.25_1%0.9x1.25_0i%gx1v6_r%r05_m%gx1v6_g%hgland5UM_w%null (alias f09_gl16)
a%T31_1%T31_0i%gx3v7_r%rx1_m%gx3v7_g%null_w%null (alias T31_g37_rx1)
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model grid:
model grid:
model grid:
model grid:
model grid:

model grid:

a%4x5_1%4x5_01%gx3v7_r%rx1_m%gx3v7_g%null_w%null (alias f45_g37_rx1)
a%1.9x2.5_1%1.9x2.5_0i%gx1v6_r%rx1_m%gx1v6_g%null_w%null (alias f19_gl6_rx1)
a%0.9x1.25_1%0.9x1.25_0i%gx1v6_r%rx1_m%gx1v6_g%null_w%null (alias f09_gl6_rx1)
a%ne30np4_l1%ne30np4_oi%gx1v6_r%rx1_m%gx1v6_g%null_w%null (alias ne30_gl6_rx1)
a%ne30np4_1%0.9x1.25_0i%gx1v6_r%rx1_m%gx1v6_g%null_w%null (alias ne30_f09_gl6_rx1)
a%ne30np4_1%1.9x2.5_0i%gx1v6_r%rx1_m%gx1v6_g%null_w%null (alias ne30_f19_gl6_rx1)

Claussen et al. (2002) 5¢ & A& &3l ¢z AAH

< ol &shs A7 AME B Rl o] Aok HEAIREE WY o] ¢

-0l A

© AgE ANALSE &gt FAF moRAgS zke= CESME ol &

e
__)&l
2
T
R
2
~N
&3
>
T
!
a1
ije}
w
o)
rlo
ol
ol
!
12
—_
—
o
(L
[3u
10
ol
ol
rlr
po
o
fr

et al.,, 2012)
2. AFA 2R FAH /1% Ws APE A AA ednd Ix%
AY A3
GG AE- A FHRRE RE ATALGRAS o EF 3A 7]

2

e

T Ads Sl AF ZREZS PMIPAA AlFsHo] gt olF &F4AY
=

Azvel weh wstels AAA J1F wa 4gel 7

_(')_
(PMIP3)ell A -8 AIQF= 7] Alzkekqith. PMIP3l A AAE Aol A= At

A2l g A 50 Ao glor H2 Adel /¥ wsl

| i3k Ad Alval e (Last Millennium; LM)7F 9tk 7F8 ¢ PMIP4el

A4 7% wsh Ao »9e Fo BEe sz A4 PMIP3

_31_
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b) CESM (6000 BP - 0 BP)

a) ERA-Interim (1979 - 2000)
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