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Abstract

Analysis of the temperature variability used IPCC-AR4 global
circulation models
Tomohiko MUKANO

How surface air temperature will change in the future is one of the most
important subject among the researchers that use the global circulation
model, however it is not enough research how the periodicity variability
reconstruct by the global circulation model and how change the periodicity
variability such as the interannual variability and the daily variability
compared with very frequently research the mean temperature. It is
recognized as the important subject that connects with mistake of the impact
estimation in the future that discuss the atmosphere in the future without
the periodic variability.

In this paper, we analyze the variability with mainly use of the 2m daily
mean surface air temperature by using the 16 models result existing 20C3M
experiment in 1981-2000 years and SRES A1B scenario experiment in
2081-2100 years which is submitted IPCC-AR4. We analyze the variability
about the intermodel comparison and the amount of the difference between
the model mean value and the observation value.The variability divide into
the interannual variability which changes from several years to decadal
years and the daily variability which change a month or less days and
annual chenge which change in one year.

The global circulation models mean is corresponding to reanalysis data
very well and is not found overestimation on the land in winter northern
hemisphere likely the previous study. The projected interannual variability
in the future decrease greatly on high latitude region of the northern
hemisphere in winter and increase the low latitude region and on land in
summer region of the northern hemisphere centered on Europe and Siberia,
however intermodel standard deviation is more than change the interannual
variability.

Daily variability similar to the interannual variability though there was a difference in
the detail. The difference between models was great and also still models mean

corresponding to the value of reanalysis data. The expected deviation of daily



variability in the future decrease at sea all year round and increase on land
mid-latitude in summer and low latitude.

Annual change not found the clearly difference between 20C3M
experiment and SRES A1B scenario experiment. Intermodel difference of
minimum and maximum value of the annual change is comparatively
similar at mid-latitude however is critically large at high latitude. Moreover
the annual change is not synchronized phase between the models, greatest
difference is more than two month-longs.

F—U— R : IPCC, Global circulation model, temperature,
interannual variability, daily variability, annual change
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FINCEDENRRENWZ LEZRLTWD, £72. FEROE/Izo>WTiddk
PER R DA T TIIRIBICHF 2 B85 E 5 — 7T, KFEE DK FHIC
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IZHEARTUVMEWN Z EAVREN TV S (e.g. Riisdnen 2002;Giorgi et al
2004;Giorgi and Bi 2005),

F7-. KJIBOEEEDOMFE L L TiZRind et al (1989), Cao et al (1992)
DX HITH A DEE), Fxr DOEH), FER ELZNENDORFH A 7 — iz
BUDMHEEZ TR L TWHELDOLH DM, 1L A EOMEXNGITE X OEH)
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20C3M BRES A1 = PR S
B L K K K %
ETILA
BCCR 276.36] 279.15) 2.79 1.01
CCCMA 277.51] 280.08 2.57 0.93
CCCMA.t63 276.70] 280.18 3.48 1.26
CNRM 278.07] 281.40 3.33 1.20
CSIRO 276.93] 278.70 1.77 0.64
GFDL 276.46] 279.80 3.34 1.21
GISS-AOM 278.78] 280.75 1.97 0.71
GISS.model 277.14] 27953 2.39 0.86
IAP 277.93] 280.75 2.82 1.01
INGV 279.85] 28291 3.06 1.09]
INMCM 276.97| 280.25 3.28 1.18
IPSL 277.24] 280.53 3.29 1.19]
MIROC.hi 278.90]  283.90 5.00 1.79|
MIROC.med 277.97] 281.62 3.65 1.31
MIUB 277.83] 28087 3.04 1.09]
MRI 276.83]  279.25 2.42 0.87
ETILEY 277.59] 280.60 3.01 1.09|
ETI)VEIRE RS 0.97 1.36 0.76 0.27
JRA 278.64
ERA 278.05
NCEP 277.96

K1 BERKET VM OBFNTT — 2 O ERIEO R 27
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[E Bk

20C3M SRES A1 & Zik®E | 20c3M BRES A1 = ERES
B K K K % K K K %
ETILA
BCCR 1.45 1.50 0.05 3.16 0.69 0.72 0.03 3.73
CCCMA 1.69 1.67 -0.02 -0.94 0.66 0.61 -0.05 -8.06
CCCMA.t63 1.64 1.59 -0.05 -3.19 0.69 0.59 -0.10] -14.98
CNRM 1.49 1.49 0.00 0.28 0.77 0.74 -0.03 -4.09
CSIRO 1.44 1.44 0.00 0.06 0.65 0.60 -0.05 -8.42
GFDL 1.68 1.57 -0.11 -6.43 0.74 0.66 -0.08] -11.46
GISS-AOM 1.33 1.34 0.01 0.44 0.55 0.54 -0.01 -1.22
GISS.model 1.61 1.61 0.00 0.05 0.60 0.56 -0.04 -5.96
IAP 1.62 1.61 -0.01 -0.46 0.72 0.67 -0.05 -7.10
INGV 1.54 1.51 -0.03 -2.10 0.66 0.60 -0.06 -8.55
INMCM 1.95 1.78 -0.17 -8.51 0.92 0.78 -0.14] -15.55
IPSL 1.62 1.61 -0.01 -0.46 0.72 0.67 -0.05 -7.10
IMIROC.hi 1.18 1.36 0.18 15.46 0.58 0.59 0.01 1.88
IMIROC.med 1.47 1.47 0.00 -0.34 0.58 0.58 0.00 -0.43
ImiuB 1.70 1.58 -0.12 -6.82 0.80 0.67 -0.13] -16.84
IMri 1.28 1.33 0.05 3.72 0.70 0.72 0.02 2.98
ETILERY 1.51 1.48 -0.03 -1.82 0.69 0.64 -0.05 -7.34
ETILEIEZERH 0.19 0.13 0.08 5.40 0.09 0.07 0.05 6.49
CRU 1.24
JRA 1.48 0.75
ERA 1.53 0.74
NCEP 1.51 0.77

®2 HEKETIVROHPNTT — 2 OFELLEBOR 27T
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BELE L

20C3M BRES A1 = Z{t3E | 2003M BRES A1 = RS
BT K K K % K K K %
ETILE
BCCR 1.68 166] -002] -1.07 0.66 060] -006] -9.63
CCCMA 2.09 207] -002] -1.07 0.65 060] -005] -8.00
CCCMA63 2.10 204] -006] -263 0.67 056] -011] -16.46
CNRM 1.59 1.59 000] -0.31 0.46 043] -003] -7.17
CSIRO 1.84 183] -001] -0.77 0.64 060] -004] -652
GFDL 243 231] -012] -479 0.87 076 -011] -12.36
GISS-AOM 1.70 1.74 0.04 2.11 0.54 050] -004] -6.79
GISS.model 2.09 208] -001] -052 0.76 071 -005] -648
1AP 2.05 196] -009] -428 0.73 064] -009] -12.40
INGV 1.62 153] -0.09] -546 0.69 060] -009] -13.49
INMCM 2.48 232] -016] -647 1.02 089] -013] -12.88
IPSL 1.81 175] -0.06] -3.09 0.79 070] -009] -11.53
MIROC.hi 177 173 -004] -254 0.66 055] -0.11] -16.86
MIROC.med 1.86 179] -007] -353 0.56 050] -006] -10.04
MIUB 1.45 137] -008] -5.34 0.70 064] -006] -844
MRI 1.34 133] -001] -1.06 0.67 061] -006] -883
ET)LEY 1.79 173] -006] -3.49 0.70 063] -007] -9.93
ETIVRZERA 032 0.30 0.05 2.33 0.13 0.11 0.03 3.36
JRA 1.72 0.79
ERA 1.77 0.83
NCEP 2.07 0.79

#£3 BRERETNVROFMNTT —XDOHAEEBOA AT
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20C3M
——+ [N =! IBIE +—-— s/ LR [ED

Bi{fip day of year|day of year|K/day*10 |day of yearlday of vear|K/day*10

ETILE

BCCR 21 75 1.82 213 300 -2.37
CCCMA 9 71 1.92 204 311 -2.34
CCCMA 163 10 87.5 1.78 202 296.5 -2.21
CNRM 7 111.5 1.57 206 294.5 -2.34
CSIRO 9 88.5 1.68 199] 292.5 -2.15
GFDL 14 123 1.91 202 297 -2.23
GISS-AOM 3 140 1.33 201 296 -1.96
GISS-MODEL 3 110.5 1.49 207 305.5 -2.28
IAP 14 95 1.82 206 306.5 -2.07
INMCM 9 107 1.67 199] 289.5 -217
MIROC—HI 5 127.5 1.69 203 287 -2.09
MIRO C—-MED 7 87.5 1.60 205 294 -2.19
MRI 9 85.5 1.75 199] 319 -2.07
ETILE 9.23 100.73 1.69 203.54 299.15 -2.19
ETIIVERERE 4.92 21.05 0.17 3.97 9.06 0.12
JRA 13 96.5 1.83 198 308 -1.89
ERA 13 96.5 1.85 200 307.5 -1.92
NCEP 15| 98.5 2.08 193 291 -2.16

X1, 2B U LRICIED B HSIHEHBIED day of year [EF 1
X2, +—-F = F-—+TENVAFER
X3, ETILHIZERZED=HIZEEHEEEL day of year F—[ZLTHDIGEENHD

#4-1 BRRET NV K OFMNTT — % OFEZL(L(N30 FIEE) (D
RERE T LD 20C3M SR N ONFHEMT T — & @ 1981-2000
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SRES A1B

LERETIL ——+ 1K H 1B {E +—->—  |@/hE |EE
day of year|day of year]K/day*10 |day of year]day of year]K/day*10

BCCR 12 81.5 2.09 212 301.5 -2.41
CCCMA 7 78.5 1.93 206 300.5 -2.33
CCCMA 163 12 70 1.73 203 307.5 -2.37
CNRM 8 93.7 1.74 202 306.5 —2.38
CSIRO 6 58 1.80 201 300.5 -2.25
GFDL 13 99| 1.94 207 315.5 -2.27
GISS-AOM 6 104 1.41 199] 308 -1.92
GISS-MODEL 4 85 1.54 211 290 -2.14
IAP 8 127.5 1.78 208 297 -2.13
INMCM 5 114 1.70 207 288.5 -2.34
MIROC-HI 10 144 1.67 206 285 -2.15
MIROC—-MED 8 78 1.77 210 276 -2.34
MRI 9 97 1.80 202 296.5 -2.10
ETILEY 8.31 94.63 1.76 205.69 297.92 -2.24
ETIVEIRERE 2.81 23.73 0.17 4.05 10.82 0.14

X1, 2B U LRICIED B HSIHEHBIED day of year [EF 1

.>:<2\ +

EJP e

HEEBULAZER

X3, ETIVHIZERED:=OIZEEHEEEL day of year #—ICLTHBIGENHS

3% 4-2

ERET /LD SRES A1B ™ 2081-2100
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(SRES A1B)-(20CG3M)

SHRETIL ——+ WX H R[] +—— ilN=! 1B {E
day of year|day of year|K/day*10 |day of year|day of year|K/day*10

BCCR -9 6.5 0.27 -1 1.5 -0.04
CCCMA -2 7.5 0.01 2 -10.5 0.01
CCCMA 163 2 -17.5 —-0.05 1 11 -0.16
CNRM 1 -17.8 0.17 —4 12 -0.04
CSIRO -3 -30.5 0.12 2 8 -0.1
GFDL -1 -24 0.03 5 18.5 -0.04
GISS-AOM 3 -36 0.08 -2 12 0.04
GISS-MODEL 1 -25.5 0.05 4 -15.5 0.14
IAP -6 32.5 —-0.04 2 —-9.5 -0.06
INMCM —4 7 0.03 8 —1 -0.17
MIROC-HI 5 16.5 -0.02 3 -2 -0.06
MIRO C-MED 1 -9.5 0.17 5 -18 -0.15
MRI 0 11.5 0.05 3 -22.5 -0.03
ETILEY -0.92 -6.10 0.07 2.15 -1.23 -0.05
ETIIEIRERE -2.11 2.68 0.00 0.08 1.76 0.02

1, 2B ERCIED BMNHDIGEBIED day of year [XF1Y

.>:<2\ +

EJP e

HEEBULAZER

X3, ETILHIZEREDT=-HIZEEHEEEL day of year E—IZLTHAHEENHD

%43

SRES A1B Bk & 20C3M FEBr L D=
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20C3M
——+ WAH 1B {E +—— ¥W/hE 5 B

==X v day of vear]day of year|K/day*10 ]day of year|day of yvear]K/day*10
ETILE

BCCR 27 96 3.56 201 309 -4.31
CCCMA 30 95.5 3.36 202 303 -3.01
CCCMAL63 27 111 3.33 204 311 -2.79
CNRM 17 82.5 3.01 201 310.5 -3.72
CSIRO 20 111 3.19 193 314 -3.54
GFDL 5 136.5 3.34 201 315.5 -3.69
GISS-AOM 13 62.5 2.59 199 332 -2.56
GISS-MODEL 17 62 2.61 205 283.5 -3.22
IAP 20 100 4.20 201 290.5 -4.98
INMCM 39 102 3.63 196 283 -2.78
MIROC-HI 29 127 3.16 199 314.5 -3.08
MIROC—-MED 28 91 3.25 198 291 -2.75
MRI 15 91.5 3.14 195 300.5 -2.80
ETILEY 22.08 97.58 3.26 199.62 304.46 -3.33
ETEIRERE 8.97 21.56 0.42 3.45 14.33 0.71
JRA 10 80 2.76 199 303.5 -3.62
ERA 9 79.5 2.70 200 303.5 -3.58
NCEP 9 134.5 257 202 279.5 -3.07

X1, 2BLULRCED BN HDIGEBIED day of year (XF1Y
X2, +—o—F = lF——+FEWNVAZER
X3, ETILHIZERED=-HIZCEEEEEL day of year E—IZLTHAHZENHD

#F 51 HARERET N OFMNTT — 2 OEZEING6O # ) (1)
RERET LD 20C3M FBR K ONFEfEATT— & @ 1981-2000
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SRES A1B

2IRETIL ——+ =] 1B {E +—— 1B/hE 15 {iE
day of year|day of year]K/day*10 |]day of year]day of year|K/day*10

BCCR 24 63.5 3.17 202 320 -3.10
CCCMA 32 93.5 2.96 203 309 -2.33
CCCMAL63 42 115 2.89 204 2515 -2.26
CNRM 27 137.5 2.60 202 325 -2.78
CSIRO 28 110 3.24 193 309 -2.92
GFDL 38 113 2.97 193 316 -2.74
GISS-AOM 23 128 2.59 200 307 -2.53
GISS-MODEL 17 87.5 2.67 204 260.5 -3.17
IAP 21 99 3.90 203 307 -4.16
INMCM 35 116 3.02 198 289.5 -2.44
MIROC-HI 37 125.5 3.21 202 265.5 -2.56
MIROC-MED 27 137.5 3.12 201 253.5 -2.55
MRI 19 98 2.62 193 309 -2.31
ETILE 28.46 109.54 3.00 199.85 294.04 -2.76
ETIVEIRERE 7.82 21.11 0.36 4.22 26.67 0.51

1. 2BLUERCIED BHAH DG EIBIED day of year [XF1
X2, +—o-F = lF-—+HEVNVAEER

X3, ETIHIZERED=-HIZEEHEEEL day of year E—ICLTHAHEENHD

# 52 HBARIRET N O T — % OFEZILIN6O FIR ) (2)
2 ERE 5L SRES A1B @ 2081-2100
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(SRES A1B)-(20C3M)
2BRETIL —— WA H 1B {E +—— 1@/ E 1B {E
day of year|day of year|K/day*10 |day of year|day of year|K/day*10

BCCR -3 -32.5 -0.39 1 11 1.21
CCCMA 2 -2 -0.4 1 6 0.68
CCCMA 163 15 4 -0.44 0 -59.5 0.53
CNRM 10 55 -0.41 1 14.5 0.94
CSIRO 8 —1 0.05 0 -5 0.62
GFDL 33 -23.5 -0.37 -8 0.5 0.95
GISS-AOM 10 65.5 0 1 -25 0.03
GISS-MODEL 0 25.5 0.06 —1 -23 0.05
IAP 1 —1 -0.3 2 16.5 0.82
INMCM —4 14 -0.61 2 6.5 0.34
MIROC-HI 8 -15 0.05 3 -49 0.52
MIROC-MED —1 46.5 -0.13 3 -37.5 0.2
MRI 4 6.5 -0.52 -2 8.5 0.49
ETILE 6.38 11.96 -0.26 0.23 -10.42 0.57
ETIIEIEERE -1.15 -0.44 -0.06 0.77 12.34 -0.19

X1, 2BULERICIED BAHSHZEEIBIED day of year [LTH5
X2, +—o-F[E-—+ETEN AT ER
X3, ETILHEBERED-OIZEEZEEEL day of year F—[CLTHBIGELHS

# 5-3  HARKRET I OFMETT — % OFEZLLING6O H#REE)  (3)
SRES A1B B & 20C3M FEhx & D&
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20C3M

day of year|day of year day of year|day of year

SERETIL ——4 BAH 1B {E +—o— N =| 1% I8

BCCR 24 103 5.88 193 299 -7.51
CCCMA 34 99.5 5.01 198 288 -5.63
CCCMA 63 15 112 4.90 202 288 -5.20
CNRM 13 84.5) 496 193 308 -6.87
CSIRO 23 69.5 5.28 190 306 -5.24
GFDL -3 138 5.82 193 286.5 -6.95
GISS-AOM 20 80 428 196 288.5 -492
GISS-MODEL 22 59 437 192 284 -4.67
AP 21 155.5 5.26 195 286 -7.03
INMCM 38 132.5 5.85 185 2735 -4.53
MIROC—-HI 39 114.5 546 195 289 -5.29
MIROC-MED 30 113 5.18 190 289 -5.32
MRI 29 98 4.95 189 2955 -5.06
ETI)LEL 23.46 104.54 517 193.15 290.85 -5.71
ETIEEERE 11.33 27.54 0.51 4.30 9.27 1.01
JRA 10 95.5 4.07 196 300.5 -6.14
ERA 10 95.5 413 196 301 -6.05
NCEP 9 136 3.68 198 300 -5.08

X1, 2BULERICIED BAHSHIHEIBIED day of year [LTH5
K2, +—>-F = [E-—+HFTEN A ZER

X3, ETIHIZEREDT=-HIZEEZEEL day of year F—ICLTHIEENHD

#6-1 BRERETNKOHMNT — % OEZILECXY 7THEEE) (D

RERE T LD 20C3M SR K ONFHi#HT 7 — & @ 1981-2000
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SRES A1B
LIRETIL ——+ LN =] 1B {E +—— 13/ H ([
day of year|day of year|K/day*10 |]day of vear]day of year|]K/day*10

BCCR 24 97 6.30 194 300 -6.18
CCCMA 32 120 4.37 200 306 -4.15
CCCMAt63 14 119 4.81 203 288 -3.62
CNRM 28 71.5 4.08 197 308 -4.98
CSIRO 9 103.5 5.14 190 305 -4.89
GFDL 13 128 5.05 196 296.5 -5.52
GISS-AOM 28 126 3.26 191 306 -4.21
GISS-MODEL 16 88 4.36 201 286.5 -4.60
IAP 17 154.5 5.29 195 290 -6.36
INMCM 27 126 5.21 195 280 -3.30
MIROC—HI 31 151 4.70 191 301 -3.68
MIRO C—MED 25 145 4.54 198 295.5 -4.14
MRI 17 161.5 4.61 189 304.5 -452
ETILEY 21.62 122.38 4.75 195.38 297.46 -4.63
ETIIEIRERE 7.58 26.99 0.72 4.39 8.93 0.95

X1, 2BLULERCED BN HDIGEBIED day of year [(XF1
X2, +—o—F = lF——+FEWNVAZER
X3, ETILHIZERED=-HIZEEHEEEL day of year E—IZLTHAHEENHD

7 6-2 HARERET N OFMATT — X OEE( Y THNEE)  (2)
2EEF /L0 SRES A1B ™ 2081-2100
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(SRES A1B)—(20C3M)
2ERETIL ——+ [N =! 1B B +—— 1B/ B (e
day of vear|day of year|K/day*10 |day of year|day of year|K/day*10

BCCR 0 -6 0.42 1 1 1.33
CCCMA -2 20.5 —-0.64 2 18 1.48
CCCMA 163 -1 7 -0.09 1 0 1.58
CNRM 15 -13 -0.88 4 0 1.89
CSIRO -14 34 -0.14 0 —1 0.35)
GFDL 16 -10 -0.77 3 10 1.43
GISS-AOM 8 46 -1.02 -5 17.5 0.71
GISS-MODEL -6 29 -0.01 9 2.5 0.07
IAP —4 —1 0.03 0 4 0.67
INMCM -11 -6.5 —-0.64 10 6.5 1.23
MIROC-HI -8 36.5 -0.76 —4 12 1.61
MIRO C—MED -5 32 —-0.64 8 6.5 1.18
MRI -12 63.5 -0.34 0 9 0.54
ETILEH -1.85 17.85 -0.42 2.23 6.62 1.08
ETIILERERE -3.75 -0.55 0.21 0.09 -0.34 -0.06

1, 2BULRICED BHANHZIH5EIBIED day of year (LT
X2, +—-F = T——+ BV AEER
X3, ETIHIZERED=-HIZEEHZEEEL day of year F—ICLTHAEENHD

K 6-3 [HRIKET NVKOHMNT T — 2 OFEEE~ D 7R (3)
SRES A1B 38k & 20C3M FEfR & D7
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