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Abstract Does snow depth initialization have a quantitative impact on sub-seasonal to
seasonal prediction skill? To answer this question, a snow depth initialization technique for
seasonal forecast system has been implemented and the impact of the initialization on the
seasonal forecast of surface air temperature during the wintertime is examined. Since the snow
depth observation can not be directly used in the model simulation due to the large systematic
bias and much smaller model variability, an anomaly rescaling method to the snow depth
initialization is applied. Snow depth in the model is initialized by adding a rescaled snow depth
observation anomaly to the model snow depth climatology. A suite of seasonal forecast is
performed for each year in recent 12 years (1999-2010) with and without the snow depth
initialization to evaluate the performance of the developed technique. The results show that the
seasonal forecast of surface air temperature over East Asian region sensitively depends on the
initial snow depth anomaly over the region. However, the sensitivity shows large differences for
different timing of the initialization and forecast lead time. Especially, the snow depth anomaly
initialized in the late winter (Mar. 1) is the most effective in modulating the surface air
temperature anomaly after one month. The real predictability gained by the snow depth
initialization is also examined from the comparison with observation. The gain of the real
predictability is generally small except for the forecasting experiment in the early winter (Nov.
1), which shows some skillful forecasts. Implications of these results and future directions for
further development are discussed.
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Fig. 1. (a) Initialized model snow depth anomaly [cm] for
seasonal forecast starting from 2005.1.1. The scaled snow
depth anomaly is prepared using the observed snow depth
anomaly shown in (b). Anomaly scaling method described in
sec. 2.2 is applied to the (b) observed snow depth anomaly
[ecm] (CMC snow depth anomaly) used for the initialization.
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Table 1. Correlation coefficients between the snow depth
and surface air temperature averaged over the three latitude
bands of 20° each in the eastern Eurasian continent. The
eastern Eurasian continental region is divided by East Asia,
Central Siberia and Northern Siberia. Statistically significant
values at 95% confidence level are indicated by asterisk.

Correlations

Mean Area
Daily Monthly
East Asia (30°N-50°N) -0.514"  -0.686
Central Siberia (40°N-60°N) -0.197" -0.311
Northern Siberia (50°N-70°N) 0.133 0.155
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Fig. 6. Differences in the forecasted surface air temperature
anomaly over East Asia domain (red for the first month,
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between S1 and S2 experiment. The differences are caused
by the initial differences of snow depth anomalies (black
line) between S1 and S2 experiments. All the anomaly time-
series are prepared by area averaging over the East Asian
region (Box in Fig. 3).

Table 2. Correlation coefficients between the initial snow depth difference (black lines in Fig. 6) and the forecasted surface air

temperature difference. The correlation coefficients are calculated for each lead time (the first month, second month, and third

month) and in each forecast experiment (Nov. 01, Jan. 01, and Mar. 01). Statistically significant values at 95% confidence level

are indicated by asterisk.

Prediction periods

Correlation coefficient

1-30 days lead

31-60 days lead 61-90 days lead

Nov.01
Jan.01
Mar.01

Experiments

-0.579"
-0.622"

-0.687" -0.570"
-0.682" -0.635"
-0.829" 0.132 0.208

gh=7)/4ek3] 7]

22251 13 (2012)



Exp. Nov.01

C AT - AN - AT 125

60N
= >N
45N ? .2\" {')é -

30N =
BDP{, = ¢a)1 mcml.5
— -
45N >". o
)
30N ? F
¢ b) 2 mon.
60N o
L/
g Ml 2
-0Z &

i

£\

Jc)3 mon. |

[
L =
o \ ¢ f) 3 mon. ]

. ¢ i) 3 mon.

80E 100E 120E 140E 80E 100E

1208 140E 80E 100E 120E 140E

Fig. 7. Correlation map between the initial snow depth difference and the forecasted surface air temperature difference. The

correlation coefficients at each grid cell are calculated for each lead time (the first month, second month, and third month) and

in each forecast experiment (Nov. 01, Jan. 01, and Mar. 01). Statistically significant values at 95 % confidence level are

indicated by gray shading.

HaA o). o] Adfs AL w0 ol E o]
43k 27 Folrol 7| ME o= FAH 7eA
S AARsGE 2y 2704, Y A= AS FHA
ohi-tg|7} F43] Hadtel wel AdAdo] wig- o
ol Z BRISHAT (Table 2). o237+ 532 Fig. 7°l
Mz B91d 4 At} Fig. 72 Fig 62 A#HAS
Folrlol Fo 7+ AR Artsle] RxxE o
Zoltt, 1Y€} 19 2718 AFoMe= Folrlo} 9
o ($1%= 50°N &)l o Z717F 53t o] EA5l=
%7] wFole] ztele}l 7] WMFe] Aol Ato]d
Aoz Foldt o JHABA7E fAE) A
Ag %713 A E 174Y 0]F 9] o= 4
Y, 5¥9)0ll= Fotrlol A oA = Fol AL AEA]
D2 45°N GEo2es 7] 4ol 7|2 HE A+
ololli= AAAI 7T AL AR AY Fe] AaA 7t
Ueh}b7| = g

e T ul, THo] 273 FHox A
Zo] glo] mdo] 71L& WEd FE3 JIFS nH

1=}

Al

o = of

Zols} ol =5 exsle] FUEEE slotaty] 95t
o] AAI7F 71 R 39 Ao Folo}
3 7z} ARPFolA 7] FZAo|7t 0.5 BEAX} o]
Fel wje] o] FZHEEE YERHIIL (Fig. 8(a)
o]2RE 1719 &8 7| eEEES Fig. 8(b)°l Ye
UIIh. Fig. 614 ol g5 5o] tinel ool 06
T oolie] EAASZ §9)3t 7]|L 7L HYon,
OB B A 7] 7o) ko] AW XY

(a) Comp. of pos. S1-S2 (init. sdep.)
N

110E

70E 90E
(b) Comp. of S1-S2 (Tbot)

45N

130E

110E

70E 90E 150E
Fig. 8. (a) Composite of strong positive (more than +0.5
standard deviation) difference between initial snow depth in
S1 and S2 exp. (S1-S2). (b) composite of difference between
SAT averaged for 1-30 days lead in S1 and S2 exp. (S1-S2)
which have strong positive difference between initial snow
depth in S1 and S2 exp. (S1-S2). Gray dots represent
statistically significant correlation coefficient at 95%
confidence level.

Atmosphere, Vol. 22, No. 1. (2012)



126 A% Fobrlol Ao 718-0] A o) o 1

(a) Exp. Nov. 01

—

=
=l
k
® -1 e §1-52 error (1 mon
w— §1-S2 error (2 mon
51-S2 error (3 mon
-2 v v ——
2001 2004 2007 2010
2

(b) Exp. Jan. 01

—
\

error diff. (K)
bl
b
N
|
|

B
X
d
/
Y
]

1
©

2001 2004 2007 2010

LY

(c) Exp. Mar. 01

-

error diff. (K)
o

2001 2004 2007 2010
Experiment year

Fig. 9. Differences in the forecasted error over East Asia
domain (ed for the first month, orange for the second month,
yellow for the third month) between S1 and S2 experiment.
For each experiment (S1 and S2), error (el and e2) is
defined as the absolute value of the difference between
forecasted anomaly and observed monthly anomaly of
surface temperature. Error difference (el-€2), represented in
the figure, can be interpreted as the error reduction due to the
snow depth initialization (Negative implies the
improvement). All the anomaly time-series are prepared by
area averaging over East Asia region (Box in Fig. 3).

N Ao R /e sge] & o & ) A
ol glo} w70l 2715k maldl AYTIL ol Zo)
#eo] AL HAF 5 ANk &, ol P

u

o] Ajol7} 7182] Aoist HYA BAE 73 )
A ored] o Rio] i ele A EAo)

Qs Zloy J?.‘%}?l‘:}.
nA B O 2 ezlo] 27)stel whe A o Z4o)
Ell’?; H7HE AESFITE H A AAl AlA-a] S|
Qg sl e o, Y 7o Wsl 5
,,f_u-] B} erokal, Wk Aa) Folalo} AW LxE
AAAE 2958 = 7ol ol9elx vfg- vlkslA
718

St AA AH AFHE & AolM H

— TR

of X aju .'J{O

,
rid
H
_>~'

gt 712d8ks] 7] #2241 (2012)

901 271870 3G

7lol= F7t Atk agex Bt Al oS A
Z=dlo] g Qo] T 278t o= Ak T8
gz)o) dig 7|20 JRE A7) ) BAS 53
shth 4 oz WA wZlo] 27517} A8
Y (Sl)sqL LR e AY (S2)0llA =3k 7]
2 ofx=E|7} #F ol ZHE dwuli} xfol7t
U=AE ZH7F A el, 22 Hetal o] QAFES
zpo] (el-e2)2 == YERNUTH (Fig. 9). wHef,
el-e27F S5t T4 27|13t A3l e uw 4
A oA ZFe] 2AL Fol=e AL 9uigt). eakE A
olst7] 91g #5 ofx=Ze]:= ERA-interim ZFFol[A]
Hd gk (1979-2010&1)_3TE19I oh=ra] 2 A o)&)
Aok Fig. 9914 A5 & vf, AP E = AA o
Z40l doiX = oI AR FHol 27|3MNte g 8l
g S B g Y o =7 (1€ 1Y 2
7 A AHOE el-e27f S5E HE
Aolx 2718t A7 EA

Jote s

6. 48 2 E9|

re
e
-
2
X
rr
N,
o
ol
ol
tlo
o
op
o)
Y
e
£

|
é
>
8

it . (4 0]
Alated seale] %
o| 2] = o
Hoge #% ¥

9] f—lr_ﬂl—a]e_ Zdo] 7o = w7010 Wit
Faks MELS olesl AYTE Sk 27]5)
Zlo]2 o] &3] AW R Fxo| 42 qu

AFE £Qo] 2718kl AL A5 %
A (pilot) ATFEA #4712
299 A4 S8 AEA /18 o

12)9] ol WalE SAFORA Adel o o) §
S 398 & Aeh 22} B9 o2} 4

A 298 2lzg s 3 84 AAT 4

o 2ol o= AT TS BT} #

o] A dZo] AA APl ALEFHE o lﬁlsﬂ
AAZAL] A FA 953 24YS UE o,
AA T 2713 e gEA] P YeE A
stsl7] faiM e A& AAZ, sl AAZRAL] A
§Hek Ak So] Fasl L3 o] Aol e
o ALY S o] AR Qs AiEo R v )
AEel 713 ngo] AMEE Hx A ¢S] gkt



2 1 E24 WAYESS AYE Zolt.
2 A | 27138} gt 23
(local) QJFTHS AsRoov Hr} iR Jd9

HEoz 2% AA (remote) FeFo] =9
g vz = gt d& S0 fEHA

29 BN E T g 5 gonz 72
Tl wEl R w3k A3E 94 4% (Dickson and
Namias, 1976; Cohen and Entekhabo, 1999; Saito and
Cohen, 2003; Cohen and Barlow, 2005; Cohen et al,
2009)°] =Zlo] 7|8t os] ojFA WAHEH=AE
spofalis ATE QYT o Folnt.

it

#Atel 2

o] od ndy ATEYY Ax 2 HH3)
< FA FELEFA 71"l A
A+E 7183 715ds BAe S 2 =
73821 (RACS 2011-2019) (PN11020)
o] x{1& wrol a3ty Th

71244, 2010: 742 Aol ¢ 43 FolAlo} 45
7) g} kAl 2ol g o8k 1. dpp.

Allen, R. J. and C. S. Zender, 2010: Effects of continental-
scale snow albedo anomalies on the wintertime Arctic
oscillation. J. Geophys. Res., 115, D23105, doi:10.
1029/2010JD014490.

Amstrong, L. R. and E. Burn, 2008: Snow and climate,
Cambridge. 4-6pp, 145-148pp.

Baker, D. G., D. L. Ruschy, R. H. Skaggs and D. B. Wall
(1992), Airtemperature and radiation depressions
associated with snow cover. J. Appl. Meteorol., 31,
247-254.

Brasnett, B., 1999: A global analysis of snow depth for
numerical weather prediction. J. Appl. Meteorol., 38,
726-740.

Beniston, M., 1997: Variations of snow depth and duration
in the Swiss ALPS over the Last 50 years: Links to

AL Ll A B 127

changes in large-scale climatic forcings. Climatic
Change, 36, 281-300.

Brown, R. D. and B. Brasnett, 2010: updated annually.
Canadian Meteorological Centre (CMC) Daily Snow
Depth Analysis Data, Digital media.

Cohen, J. and M. Barlow, 2005: The NAO, the AO and
global warming: How closely related?. J. Clim., 18,
4498-4513.

, 1., M. , and K. Saito, 2009: Decadal
Fluctuations in Planetary Wave Forcing Modulate
Global Warming in Late Boreal Winter. J. Clim.,
22(16), 4418-4426.

, J., and D. Entekhabi, 1999: Eurasian snow cover

variability and Northern Hemisphere climate
predictability. Geophys. Res. Lett., 26, 345-348.

,J,, and D.
cover on Northern Hemisphere climate variability.
Atmos. Ocean, 39, 35-53.

,J., and D. Rind, 1991: The effect of snow cover on
climatic. J. Clim., 4, 689-796.

Collins, W. D., and Coauthors, 2004: Description of the
NCAR Community Atmosphere Model (CAM 3.0).
National Center For Atmospheric Research, 13pp.

, 2001: The influence of snow

Dee, D. P, and S. Uppala, 2009: Variational bias correction
of satellite radiance data in the ERA-Interim reanalysis.
0. J. R. Meteorol. Soc., 135, 1830-1841.

Dickson, R. R. and J. Namias, 1976: North American
influences on the circulation and climate of the North
Atlantic sector. Mon. Wea. Rev., 104, 1255-1265.

Fletcher, C. G., P. J. Kushner and J. Cohen, 2007:
Stratospheric control of the extratropical circulation
response to surface forcing. Geophys. Res. Lett., 34,
121802, doi:10.1029/2007GL031626.

, C. G, S. C. Hardiman, P. J. Kushner and J. Cohen,
2009a: The dynamical response to snow cover
perturbations in a large ensemble of atmospheric GCM
integrations. J. Clim., 22, 1208-1222.

Fallot, J. M., R. G. Barry and D. Hoogstrate, (1997):
Variations of mean cold season temperature,
precipitation and snow depths during the last 100 years
in the former Soviet Union (FSU). Hydrol. Sci., 42,
301-327.

Frei, A., J. A. Miller and D. A. Robinson, Improved
simulations of snow extent in the second phase of the
Atmospheric Model Intercomparison Project (AMIP-

Atmosphere, Vol. 22, No. 1. (2012)



128 793 Foalo} 1)) 7]20] A1 o2l o] 27187} lAlE P

2). J. Geophys. Res., 108(D12), 4369, doi:10.1029/
2002JD003030, 2003.

Gong, G., D. Entekhabi and J. Cohen, 2002: A large-
enemble model study of the wintertime AONAO and
the role of interannual snow perturbations. J. Clim., 15,
3488-3499.

, G., D. Entekhabi and J. Cohen: 2003: Modeled
Northern Hemisphere winter climate response to
realistic Siberian snow anomalies. J. Clim., 16, 3917-
3931.

~, G, D. Entekhabi, J. Cohen, and R. Robinson, 2004:
Sensitivity of atmospheric response to modeled snow
anomaly characteristics. J. Geophys. Res., 109,
D06107.

Hardiman, S., P. J. Kushner and J. Cohen 2008: Investigating
the ability of general circulation models to capture the
effects of Eurasian snow cover on winter climate. J.
Geophys. Res., 113, D21123, doi:10.1029/2008JD
010623.

Kanamitsu, M., W. Ebisuzaki, ] Woollen, S.-K. Yang, J. J.
Hnilo, M. Fiorino and G. L. Potter, 2002: NCEP-DOE
AMIP-II Reanalysis (R-2). Bull. Amer. Meteor. Soc.,
83, 1631-1643.

Koster, R. D., and Coauthors, 2004: Realistic Initialization of
Land Surface States: Impacts on Subseasonal Forecast
Skill. J Hydrometeorol, 5, 1049-1063.

Kumar, A. and F. Yang, 2003: Comparitive influence of
snow and SST variability on extratropical climate in
northern winter. J. Clim., 16, 2248-2261.

Leathers, D. J., A. W. Ellis and D. A. Robinson 1995:
Characteristics of temperature depressions associated
with snow cover across the northeast United States. J.
Appl. Meteorol., 34, 381-390.

gh71288ks] t) 7] #1229 1% (2012)

, D.J.and D. A. Robinson, 1993: The association
between extremes in North American snow cover
extent and United States temperature. J. Clim., 6,
1345-1355.

Marshall, S., R. J. Oglesby and A. W. Nolin, 2003: The
predictability of winter snow cover over the western
United States. J. Clim., 16, 1062-1073.

Oleson, K. W., and Coauthors, 2004: Technical Description
of the Community Land Model (CLM). National
Center for Atmospheric Research, 11 pp.

Osoloini, Y. J., A. Carrasco, R. Senan, G. Balsamo, F. Vitart,
F. D. Reyes and A. Weisheimer, 2011: Impact of the
Eastern Eurasian autumn snow cover on high latitude
climate variability. Arctic Science Summit Week 2011,
OS1A-3_PA0039.

Rayner, N. A., D. E. Parker, E. B. Horton, C. K. Folland, L.
V. Alexander, D. P. Rowell, E. C. Kent and A. Kaplan,
2003: Global analyses of sea surface temperature, sea
ice, and night marine air temperature since the late
nineteenth century. J. Geophys. Res, 108(D14), 4407,
doi:10.1029/2002JD002670.

Saito, K. and J. Cohen, 2003: The potential role of snow
cover in forcing interannual variability of the major
Northern Hemisphere mode. Geophys. Res. Lett.,
30(6), 1302, doi:10.1029/2002GL016341.

Smith, K. L., C. G. Fletcher and P. J. Kushner, 2010: The
role of linear interference in the annular mode response
to extratropical surface forcing. J. Clim., 23, 6036-
6050.

Walsh, J. E. and B. Ross, 1988: Sensitivity of 30-day
dynamical forecasts to continental snow cover. J.
Clim., 1,739-754.



	겨울철 동아시아 지역 기온의 계절 예측에 눈깊이 초기화가 미치는 영향
	Abstract
	1. 서론
	2. 자료 및 방법
	3. 관측 눈깊이 자료의 특성
	4. 기후모델의 눈깊이 편향과 변동성
	5. 눈깊이 최기화를 이용한 동아시아 겨울철 지표면 기온의 계절예측
	6. 결론 및 토의
	참고문헌


