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Introduction 



   

EOF1 (19%) of the mean monthly Z1000 anomalies (1979-
2000).   

Correlations between the high frequency (a, c) and low frequency 
(b, d) components of the mean wintertime (December–March) 
values of (a, b) air temperature, (c, d) total precipitation, and the 
AO index (1905–2008). 

Time series of the normalized wintertime (December–March) AO index 
(1), and its 9-year running mean (2) 
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Current level of predictability of the wintertime AOI 
      (operational seasonal climate prediction models, one month lead)  
 
•Most common: correlation < 0.2 on 20 - 30-year series. 
 

•Highest: 
 
-GloSea5 (14-year series): correlation 0.63  
                                                      (Scaife et al., 2014, MacLachlan et al., 2014).  
 
- PNU (30-year series): correlation 0.60 
                                                      (Ahn and Kim, 2013; Sun and Ahn, 2014).  
 
- CMCC (30-year series): correlation 0.55 
                                        (Athanasiadis et al.,2014; Materia, 2016 (talk at APCC)).  
 
 
That is, seasonal predictions of the most successful state-of-the-art models 
explain up to 30-40% of the variance of the wintertime AOI.  
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Introduction 

Planetary waves 
wave-1, wave-2 

Circumpolar vortex 

Circulation anomalies 

Mechanism description: 
Theoretical: Charney and Drazin, 1961; Haynes et al., 1991; and others  
Modelling: Shindel et al., 2001; Fletcher and Kushner, 2011, and others 
Empirical: Baldwin and Dunkerton, 1999; Limpasuvan et al., 2005; Cohen et al., 2010, and others  

UV+Ozon 
QBO 

Time lag 

Wintertime AO phase 
October Winter 

Target of  
empirical studies:  

Predictor 

Climatological EA trough = 
trough of Wave-1, wave -2 

Mechanism  
of the lag AO response  

to autumn influence  
beyond empirical studies 



   

Introduction 

Planetary waves 
Wave-1, wave -2 

Circumpolar vortex 

Circulation anomalies 

Empirical relationships: 
Cohen et al., 2007; Cohen and Jones, 2011; Garfinkel et al., 2010; Deser et al. 2010; Liu et al. 2012;  
 Folland et al., 2012; Scaife et al., 2014, Hall et al., 2015; Kryjov, 2015; and others 

UV+Ozon 
QBO 

Empirical relationships  
established with: 
Siberia Snow Extent 
(SEI, SAI), Bar.-Kara 
SST, SIC, SIE;  
ENSO, NAtl.SST, …  

Time lag 

Climatalogical EA trough = 
trough of Wave-1, wave -2 

Wintertime AO phase 
October 

Mechanism  
of the lag AO response  

to autumn influence  



   

October TCI (Z700 anomaly over the Taymyr Peninsula) yields a correlation of 
0.58 with the DJF AO index on dependent 55-year series (Kryjov, 2015)  

Introduction 

 (a) Time series of October TCI (solid line) and inverted DJF AOI (dots), with both series normalized with 
respect to a 1958 - 2012 base period. R=0.58 
(b) Running correlations calculated over 27 yr. windows (plotted in central year of 27 yr. periods) between 
October TCI and inverted DJF AOI (solid) and their 95% confidence intervals (dashed) 

In the next study (Kryjov & Min, 2016) this relationship is tested in a prediction 
mode on (quasi-)independent data and yeilds quite optimistic results.                                                                                                      

This presentation shows results from these studies focusing on the synoptic 
processes underlying predictability of the wintertime AO.  



   

Data and Method of Prediction 



   

Data  

Reanalysis I: SLP, ZXXXs,  

Reanalysis II: T2m  

20CR: Precipitation, Snow cover  

HISST: SST, SIC  

55 winters: 1958/59 – 2012/13 



   

1959 
1983 1984 2013 

25 years 30 years 

Basic period  
for PCA 
(J’58 - D’82) 

Forecasts 

Training period (25 yrs.) Forecast (26th year) 

Total: 30 forecasts with a 1 year increment 

Year as of January (e.g., the 1959 mark corresponds to D’58 – F’59) 

Simulation of real-time forecast procedures 

Time structure of the performed experiment 



   

Oct. Z500 
N of 20N 
25 yrs. 

Corr. Map 
N of 20N 

 

Oct. Z500 
25 yrs. 

Corr. map 

Oct. Z500 
26th yr. 

Corr. map 

DJF AOI 
25 yrs. 

Predictor 
25 yrs. 

DJF_AOI = a + b * Predictor 

Predictor(yr.=26) 

Forecast:    DJF_AOI(yr.=26) = a + b * Predictor(yr.=26) 

Method of each year forecast  

1. 
 
 
 
2. 
 
 
3. 
 
 
4. 
 
 
5. 

No restrictions on corr. value 

DJF AOI Predictor 
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		1960

		1961
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		1959		-0.474593

		1960		-1.56006

		1961		-0.440729

		1962		-0.119961

		1963		-1.92022

		1964		-0.452374

		1965		-1.09612

		1966		-1.50429

		1967		-0.309717

		1968		-0.933922

		1969		-2.26283

		1970		-1.88077

		1971		-0.481645

		1972		0.279017

		1973		1.09445

		1974		-0.135548

		1975		0.799573

		1976		0.973141

		1977		-2.6355

		1978		-1.14507

		1979		-1.32181

		1980		-0.557191

		1981		-0.163346

		1982		-0.416105

		1983		0.233645

		1984		0.279903

		1985		-1.26139

		1986		-1.77323

		1987		-0.834795

		1988		-0.426078

		1989		2.66999

		1990		1.18752

		1991		0.412776

		1992		1.09418

		1993		1.81695

		1994		-0.404471

		1995		0.701488

		1996		-1.09177

		1997		-0.156828

		1998		-0.796474

		1999		0.653402

		2000		1.1313

		2001		-1.33268

		2002		0.428443

		2003		-0.668898

		2004		-0.966393

		2005		0.146928

		2006		-0.829928

		2007		1.07339

		2008		0.856936

		2009		0.287025

		2010		-3.39628

		2011		-0.988812

		2012		0.676055

		2013		-1.1255

		2014		0.187579

		2015		0.843432
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s_ao_1_z5_00104

		1959		1.10343		-3.64022		1.19973		2.02249		-1.32372		-0.418447		0.237803		-1.11337		2.78798		2.22776		-0.475468		-9.21179		0.196823		4.26469		1.51174		5.24146		-1.22843		3.50861		-9.31076		-5.31375		-2.32729		-2.93116		-0.637633		-12.1436		-3.19026		0.0173729		-10.2875		0.277133		0.12867		4.41153

		1960		-3.15362		1.17951		1.90501		-1.55733		-0.271973		0.458137		-1.52512		2.20739		2.32036		-1.68072		-8.66742		1.06976		4.27555		1.2186		5.30541		-1.71222		3.62422		-8.97987		-5.72047		-2.86679		-2.4838		-0.641774		-12.5296		-3.25344		0.158303		-10.0333		-1.23075		-1.56876		3.95254		10.1245

		1961		1.82172		1.55789		-1.6751		-0.240394		0.413648		-2.12298		2.60299		2.0866		-1.18907		-7.6241		0.412722		4.70278		0.907194		5.12963		-0.858322		3.684		-8.22777		-5.71492		-2.53564		-2.99117		0.96547		-12.4264		-3.09995		1.89145		-9.98052		-0.959464		-3.50245		3.55679		9.61988		4.76595

		1962		2.22605		-1.52346		-0.321981		0.526006		-2.41868		1.75672		2.00869		-1.11997		-7.01726		0.295184		3.86527		1.30327		4.8693		-1.4124		3.48546		-8.40186		-5.64917		-3.52506		-3.88253		1.54116		-9.95649		-3.19092		1.82091		-10.2927		-1.05983		-3.23932		1.87739		8.27039		3.87623		9.3822

		1963		-1.59135		-0.241976		0.48491		-2.60597		1.64543		-0.034529		-0.727383		-6.34205		0.609617		3.21306		2.20122		5.34147		-1.81947		3.31792		-8.60412		-6.37071		-3.65173		-4.23112		2.27471		-8.78993		-3.10797		2.17113		-10.5497		0.390938		-2.92041		2.02637		7.5856		2.32781		8.44976		7.07352

		1964		-0.436522		0.484546		-2.54711		1.56544		-0.194486		-0.694607		-6.12812		1.00599		3.24355		2.82846		3.95766		-0.622608		3.44468		-8.97775		-6.86904		-3.83917		-3.92751		1.37263		-7.61688		-3.69353		0.63271		-10.5455		0.549645		-0.602339		1.78965		7.73681		0.896672		6.26348		7.0918		9.21848

		1965		0.57765		-3.03624		1.62963		-0.570516		-0.928776		-4.94964		0.781323		2.49061		2.54205		2.77126		0.323206		4.21192		-9.18174		-7.1808		-3.14536		-4.37006		1.54323		-8.36756		-4.22561		0.204099		-9.99866		0.761854		-1.05849		3.06768		8.09125		1.08976		3.61048		6.06462		9.45893		3.29428

		1966		-2.97855		1.48682		-0.222942		-1.28175		-4.93714		1.4326		2.06576		2.45939		2.89957		1.23407		3.46783		-8.30833		-6.93387		-3.36191		-4.66162		1.08468		-7.57255		-4.0706		1.35298		-9.70056		-1.18872		-0.79679		3.59017		9.46029		1.21893		3.73037		5.75357		8.99665		3.55865		7.54254

		1967		1.94164		0.66084		-1.39253		-5.19845		1.81207		1.60361		2.45363		2.63546		1.27201		3.03463		-6.85773		-6.09006		-3.30665		-5.09862		0.791733		-8.69582		-3.86071		0.747352		-9.56382		-1.81194		-2.99287		3.57925		9.65773		2.28366		3.91452		5.85897		9.06874		3.35045		7.20157		0.815983

		1968		-0.496843		-1.02036		-5.71174		1.76916		1.47715		3.30372		2.59932		2.53156		3.02438		-5.80152		-5.78904		-2.5185		-5.14578		0.28681		-8.14908		-4.49132		0.274283		-9.80387		-1.15791		-3.29185		3.69482		9.87976		2.54211		5.78096		5.8464		9.16147		4.22672		6.23528		0.704245		-1.92953

		1969		-0.830378		-5.76839		2.09897		1.15176		3.33918		2.38905		3.20822		2.40404		-5.16717		-4.88715		-1.22222		-4.51307		0.242749		-8.65403		-4.87265		-0.0363518		-9.35567		-1.03369		-2.98167		3.42073		9.28274		2.72069		6.1444		6.70967		9.71035		4.4039		5.8523		-0.238927		-2.09513		-2.99155

		1970		-5.79572		2.5754		2.13286		3.37564		2.30579		5.22348		2.50229		-5.05407		-3.99894		-0.779585		-4.04189		-0.101392		-8.86115		-5.12307		-0.0638595		-10.1693		-1.52115		-3.52918		3.54386		9.38372		1.86354		6.30822		7.03738		10.3225		4.88971		5.93952		-0.0450137		-3.00964		-2.74771		-3.8064

		1971		2.29841		2.49994		3.37678		1.88785		5.56949		1.89329		-4.67672		-4.21456		-0.276368		-3.4295		-1.23799		-8.53862		-5.28912		-0.223231		-10.2791		-1.63322		-3.85789		3.49284		9.38546		1.36954		5.0288		7.33104		10.276		4.79719		5.84606		0.0915321		-3.18324		-2.91718		-3.9187		-0.681466

		1972		1.90203		2.91456		2.34627		5.66797		1.85118		-3.86341		-4.26585		-0.381589		-2.97794		-1.8085		-8.56005		-4.12457		-0.465635		-10.5588		-1.71661		-4.08897		3.05682		8.75542		2.22096		4.10821		7.47208		10.3747		4.60733		7.01079		0.0421596		-3.00121		-1.11954		-3.29652		-0.764451		-3.67286

		1973		2.94803		2.79399		4.78214		1.75309		-3.31821		-2.7771		-0.616026		-2.76956		-1.42287		-6.66345		-3.67505		0.551256		-10.6555		-1.77156		-3.86627		3.25122		8.54151		1.8388		4.01231		7.99843		10.7652		4.53682		7.43574		0.256827		-2.94452		-0.913626		-2.71555		-1.03863		-4.34336		1.8307

		1974		2.59093		4.46447		2.47487		-3.10851		-2.54393		-0.684021		-2.50464		-0.421703		-6.19234		-2.60868		1.07076		-10.4934		-1.8257		-4.07019		2.4916		8.8264		1.46086		3.91081		8.65473		10.9551		4.84686		7.74842		0.505879		-2.77375		-0.875904		-2.64238		-0.988622		-4.55599		1.63728		-14.7102

		1975		5.09638		2.31913		-3.61768		-2.6136		-0.479208		-1.99606		0.158899		-3.62003		-2.07414		1.0551		-9.41683		-1.00532		-4.32148		2.00782		8.53472		1.10895		3.04094		8.09292		10.8902		5.01466		7.38161		0.562426		-2.77745		-0.814658		-2.75956		-0.831566		-6.63638		0.521731		-13.5117		-8.0704

		1976		2.50572		-4.32916		-2.93083		-0.797361		-1.73298		0.139467		-2.89877		-1.69989		1.74154		-7.48872		-0.856941		-4.24732		1.8454		8.17607		1.15165		2.96649		8.22488		10.1538		4.6178		7.40601		-0.0410358		-2.62201		-1.05173		-3.11448		-1.04496		-6.47213		-0.196505		-11.5852		-6.93352		-1.59783

		1977		-4.07423		-3.02075		-0.244914		-1.89422		-0.0471838		0.923525		-1.68271		1.80104		-6.87397		-0.287537		-2.33748		2.97586		8.25776		0.968132		2.51234		8.43781		10.529		3.82181		9.06764		-0.615138		-2.83019		-0.759076		-2.92975		-0.469509		-6.7552		-0.0341071		-8.01741		-4.72318		-0.959135		1.36024

		1978		-2.92814		-0.39821		-2.45942		-0.588303		1.61025		-0.150649		1.39925		-5.22123		0.104305		-1.68583		4.09793		9.17309		0.728111		2.33304		8.99909		10.4494		4.22072		8.45213		-0.060444		-2.94891		-0.336543		-2.90036		-0.259004		-6.27674		0.123488		-7.81829		-1.80481		-0.95547		1.55454		-7.24898

		1979		-1.29084		-2.64736		-1.58948		1.66187		0.437943		0.993339		-4.84818		-0.22011		-1.07997		4.92622		8.91716		1.51892		2.57281		8.6686		10.5606		4.08081		8.12373		-0.444759		-2.71654		0.686052		-2.27312		-0.224697		-6.00749		0.621937		-7.39961		-1.68184		-0.505159		1.54116		-5.66065		-2.08944

		1980		-2.48153		-1.08426		0.474411		0.442126		1.27542		-2.48601		-0.532591		-1.00484		4.37477		7.9384		1.69589		3.94759		8.61984		10.2053		4.41632		8.02166		-0.680352		-2.82812		2.1328		-2.74462		-0.368518		-6.07394		0.76968		-9.4743		-1.68582		-0.374021		0.945034		-4.23925		-1.99577		8.52455

		1981		-1.0526		0.973068		0.477203		0.847632		-1.66368		-0.508993		-1.51786		4.60385		7.53371		1.93759		4.26339		9.49258		10.076		3.96774		7.94935		-1.12648		-2.65287		0.889102		-1.32502		-0.572134		-5.86807		0.804995		-10.2063		-3.00039		-0.282072		1.01914		-1.40095		-2.37665		7.24284		-15.3656

		1982		1.26134		0.700426		1.41439		-1.74685		-0.290462		-1.9605		4.64985		7.15821		2.14041		3.86725		9.73156		10.8591		4.13938		7.71887		-1.59188		-3.13147		1.20914		-1.7814		-0.128931		-6.63145		0.27932		-10.3893		-3.20125		-0.951373		0.3824		-1.31418		-1.88083		6.08385		-14.3838		-7.86478

		1983		0.836985		2.09978		-2.08344		-0.467752		-1.58708		2.53004		7.25597		1.79884		3.67574		9.41634		9.13349		4.62733		7.63056		-1.8309		-3.03217		0.914064		-1.66344		-0.72615		-6.9273		-0.115891		-8.43989		-3.27741		-0.628486		0.573372		-1.11453		-1.75981		3.69815		-12.984		-7.1631		1.68464

		1984		0.559577		-1.53757		1.02371		-1.89217		2.42151		2.82961		1.00259		2.32318		7.80069		6.22141		4.42454		7.99543		-1.04757		-3.26134		2.27015		-3.08043		-1.41968		-5.96351		-0.312089		-6.52676		-0.684358		-0.754975		1.94872		-3.62384		-2.94646		3.75458		-7.94881		-5.44753		0.926029		-9.46228
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		1959		1.10343		-3.64022		1.19973		2.02249		-1.32372		-0.418447		0.237803		-1.11337		2.78798		2.22776		-0.475468		-9.21179		0.196823		4.26469		1.51174		5.24146		-1.22843		3.50861		-9.31076		-5.31375		-2.32729		-2.93116		-0.637633		-12.1436		-3.19026		0.0173729		-10.2875		0.277133		0.12867		4.41153

		1960		-3.15362		1.17951		1.90501		-1.55733		-0.271973		0.458137		-1.52512		2.20739		2.32036		-1.68072		-8.66742		1.06976		4.27555		1.2186		5.30541		-1.71222		3.62422		-8.97987		-5.72047		-2.86679		-2.4838		-0.641774		-12.5296		-3.25344		0.158303		-10.0333		-1.23075		-1.56876		3.95254		10.1245

		1961		1.82172		1.55789		-1.6751		-0.240394		0.413648		-2.12298		2.60299		2.0866		-1.18907		-7.6241		0.412722		4.70278		0.907194		5.12963		-0.858322		3.684		-8.22777		-5.71492		-2.53564		-2.99117		0.96547		-12.4264		-3.09995		1.89145		-9.98052		-0.959464		-3.50245		3.55679		9.61988		4.76595

		1962		2.22605		-1.52346		-0.321981		0.526006		-2.41868		1.75672		2.00869		-1.11997		-7.01726		0.295184		3.86527		1.30327		4.8693		-1.4124		3.48546		-8.40186		-5.64917		-3.52506		-3.88253		1.54116		-9.95649		-3.19092		1.82091		-10.2927		-1.05983		-3.23932		1.87739		8.27039		3.87623		9.3822

		1963		-1.59135		-0.241976		0.48491		-2.60597		1.64543		-0.034529		-0.727383		-6.34205		0.609617		3.21306		2.20122		5.34147		-1.81947		3.31792		-8.60412		-6.37071		-3.65173		-4.23112		2.27471		-8.78993		-3.10797		2.17113		-10.5497		0.390938		-2.92041		2.02637		7.5856		2.32781		8.44976		7.07352

		1964		-0.436522		0.484546		-2.54711		1.56544		-0.194486		-0.694607		-6.12812		1.00599		3.24355		2.82846		3.95766		-0.622608		3.44468		-8.97775		-6.86904		-3.83917		-3.92751		1.37263		-7.61688		-3.69353		0.63271		-10.5455		0.549645		-0.602339		1.78965		7.73681		0.896672		6.26348		7.0918		9.21848

		1965		0.57765		-3.03624		1.62963		-0.570516		-0.928776		-4.94964		0.781323		2.49061		2.54205		2.77126		0.323206		4.21192		-9.18174		-7.1808		-3.14536		-4.37006		1.54323		-8.36756		-4.22561		0.204099		-9.99866		0.761854		-1.05849		3.06768		8.09125		1.08976		3.61048		6.06462		9.45893		3.29428

		1966		-2.97855		1.48682		-0.222942		-1.28175		-4.93714		1.4326		2.06576		2.45939		2.89957		1.23407		3.46783		-8.30833		-6.93387		-3.36191		-4.66162		1.08468		-7.57255		-4.0706		1.35298		-9.70056		-1.18872		-0.79679		3.59017		9.46029		1.21893		3.73037		5.75357		8.99665		3.55865		7.54254

		1967		1.94164		0.66084		-1.39253		-5.19845		1.81207		1.60361		2.45363		2.63546		1.27201		3.03463		-6.85773		-6.09006		-3.30665		-5.09862		0.791733		-8.69582		-3.86071		0.747352		-9.56382		-1.81194		-2.99287		3.57925		9.65773		2.28366		3.91452		5.85897		9.06874		3.35045		7.20157		0.815983

		1968		-0.496843		-1.02036		-5.71174		1.76916		1.47715		3.30372		2.59932		2.53156		3.02438		-5.80152		-5.78904		-2.5185		-5.14578		0.28681		-8.14908		-4.49132		0.274283		-9.80387		-1.15791		-3.29185		3.69482		9.87976		2.54211		5.78096		5.8464		9.16147		4.22672		6.23528		0.704245		-1.92953

		1969		-0.830378		-5.76839		2.09897		1.15176		3.33918		2.38905		3.20822		2.40404		-5.16717		-4.88715		-1.22222		-4.51307		0.242749		-8.65403		-4.87265		-0.0363518		-9.35567		-1.03369		-2.98167		3.42073		9.28274		2.72069		6.1444		6.70967		9.71035		4.4039		5.8523		-0.238927		-2.09513		-2.99155

		1970		-5.79572		2.5754		2.13286		3.37564		2.30579		5.22348		2.50229		-5.05407		-3.99894		-0.779585		-4.04189		-0.101392		-8.86115		-5.12307		-0.0638595		-10.1693		-1.52115		-3.52918		3.54386		9.38372		1.86354		6.30822		7.03738		10.3225		4.88971		5.93952		-0.0450137		-3.00964		-2.74771		-3.8064

		1971		2.29841		2.49994		3.37678		1.88785		5.56949		1.89329		-4.67672		-4.21456		-0.276368		-3.4295		-1.23799		-8.53862		-5.28912		-0.223231		-10.2791		-1.63322		-3.85789		3.49284		9.38546		1.36954		5.0288		7.33104		10.276		4.79719		5.84606		0.0915321		-3.18324		-2.91718		-3.9187		-0.681466

		1972		1.90203		2.91456		2.34627		5.66797		1.85118		-3.86341		-4.26585		-0.381589		-2.97794		-1.8085		-8.56005		-4.12457		-0.465635		-10.5588		-1.71661		-4.08897		3.05682		8.75542		2.22096		4.10821		7.47208		10.3747		4.60733		7.01079		0.0421596		-3.00121		-1.11954		-3.29652		-0.764451		-3.67286

		1973		2.94803		2.79399		4.78214		1.75309		-3.31821		-2.7771		-0.616026		-2.76956		-1.42287		-6.66345		-3.67505		0.551256		-10.6555		-1.77156		-3.86627		3.25122		8.54151		1.8388		4.01231		7.99843		10.7652		4.53682		7.43574		0.256827		-2.94452		-0.913626		-2.71555		-1.03863		-4.34336		1.8307

		1974		2.59093		4.46447		2.47487		-3.10851		-2.54393		-0.684021		-2.50464		-0.421703		-6.19234		-2.60868		1.07076		-10.4934		-1.8257		-4.07019		2.4916		8.8264		1.46086		3.91081		8.65473		10.9551		4.84686		7.74842		0.505879		-2.77375		-0.875904		-2.64238		-0.988622		-4.55599		1.63728		-14.7102

		1975		5.09638		2.31913		-3.61768		-2.6136		-0.479208		-1.99606		0.158899		-3.62003		-2.07414		1.0551		-9.41683		-1.00532		-4.32148		2.00782		8.53472		1.10895		3.04094		8.09292		10.8902		5.01466		7.38161		0.562426		-2.77745		-0.814658		-2.75956		-0.831566		-6.63638		0.521731		-13.5117		-8.0704

		1976		2.50572		-4.32916		-2.93083		-0.797361		-1.73298		0.139467		-2.89877		-1.69989		1.74154		-7.48872		-0.856941		-4.24732		1.8454		8.17607		1.15165		2.96649		8.22488		10.1538		4.6178		7.40601		-0.0410358		-2.62201		-1.05173		-3.11448		-1.04496		-6.47213		-0.196505		-11.5852		-6.93352		-1.59783

		1977		-4.07423		-3.02075		-0.244914		-1.89422		-0.0471838		0.923525		-1.68271		1.80104		-6.87397		-0.287537		-2.33748		2.97586		8.25776		0.968132		2.51234		8.43781		10.529		3.82181		9.06764		-0.615138		-2.83019		-0.759076		-2.92975		-0.469509		-6.7552		-0.0341071		-8.01741		-4.72318		-0.959135		1.36024

		1978		-2.92814		-0.39821		-2.45942		-0.588303		1.61025		-0.150649		1.39925		-5.22123		0.104305		-1.68583		4.09793		9.17309		0.728111		2.33304		8.99909		10.4494		4.22072		8.45213		-0.060444		-2.94891		-0.336543		-2.90036		-0.259004		-6.27674		0.123488		-7.81829		-1.80481		-0.95547		1.55454		-7.24898

		1979		-1.29084		-2.64736		-1.58948		1.66187		0.437943		0.993339		-4.84818		-0.22011		-1.07997		4.92622		8.91716		1.51892		2.57281		8.6686		10.5606		4.08081		8.12373		-0.444759		-2.71654		0.686052		-2.27312		-0.224697		-6.00749		0.621937		-7.39961		-1.68184		-0.505159		1.54116		-5.66065		-2.08944

		1980		-2.48153		-1.08426		0.474411		0.442126		1.27542		-2.48601		-0.532591		-1.00484		4.37477		7.9384		1.69589		3.94759		8.61984		10.2053		4.41632		8.02166		-0.680352		-2.82812		2.1328		-2.74462		-0.368518		-6.07394		0.76968		-9.4743		-1.68582		-0.374021		0.945034		-4.23925		-1.99577		8.52455

		1981		-1.0526		0.973068		0.477203		0.847632		-1.66368		-0.508993		-1.51786		4.60385		7.53371		1.93759		4.26339		9.49258		10.076		3.96774		7.94935		-1.12648		-2.65287		0.889102		-1.32502		-0.572134		-5.86807		0.804995		-10.2063		-3.00039		-0.282072		1.01914		-1.40095		-2.37665		7.24284		-15.3656

		1982		1.26134		0.700426		1.41439		-1.74685		-0.290462		-1.9605		4.64985		7.15821		2.14041		3.86725		9.73156		10.8591		4.13938		7.71887		-1.59188		-3.13147		1.20914		-1.7814		-0.128931		-6.63145		0.27932		-10.3893		-3.20125		-0.951373		0.3824		-1.31418		-1.88083		6.08385		-14.3838		-7.86478

		1983		0.836985		2.09978		-2.08344		-0.467752		-1.58708		2.53004		7.25597		1.79884		3.67574		9.41634		9.13349		4.62733		7.63056		-1.8309		-3.03217		0.914064		-1.66344		-0.72615		-6.9273		-0.115891		-8.43989		-3.27741		-0.628486		0.573372		-1.11453		-1.75981		3.69815		-12.984		-7.1631		1.68464

		1984		0.559577		-1.53757		1.02371		-1.89217		2.42151		2.82961		1.00259		2.32318		7.80069		6.22141		4.42454		7.99543		-1.04757		-3.26134		2.27015		-3.08043		-1.41968		-5.96351		-0.312089		-6.52676		-0.684358		-0.754975		1.94872		-3.62384		-2.94646		3.75458		-7.94881		-5.44753		0.926029		-9.46228
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Prediction resulta 



   

Result: DJF AOI: Observations (blue), Forecasts (red) 

Predictors: Correlations between the constructed predictors and the wintertime AOI  
for the sliding 25-year training periods plotted at the forecast years 

R_mean = 0.72 
(0.64-0.78) 

TCC = 0.61   MSSS = 0.37 

(Kryjov & Min, 2016) 



   

What is beyond? 



   

Summary of the correlation maps 

Shading: The number of forecasts (out of 30) with absolute value of correlation 
coefficients between the DJF AO and gridpoint series of Z500 during the training 
period being above 0.4. The sign corresponds to the sign of 30-yr average 
correlation. 
Contours: mean correlation coefficients between the DJF AO and constructed 
predictors (correlations underlying regression). Values between -0.3 and +0.3 are 
omitted.  



   

Correlations between 
October Z300 (a),  
Z700 (b),  
SLP (c)  
and the inverted DJF AOI 
for 1958 - 2012.  
 
Contour interval is 0.1, 
negative values are dashed, 
the 0 value is omitted. The 
area where the correlations 
are significant at the 5% 
level in a two-tailed test is 
shaded 

Definition of TCI 
(80-70N, 100-120E) 

TCA 

B&W figures from Kryjov (2015) 



   

Negative  
tropospheric 
temperature 

anomaly 

а 

Illustration corresponds to Oct TCA+ and DJF AO- 

Correlations between October T2m and TCI. (1979-2010).  
Contours – Z500 climatology. 

Positive tropospheric 
temperature anomaly 

Climatological 
East Asia Trough 
(wave-1 & wave-2) 

Hanom 

Particular TCA mechanisms  



   

Correlations between 
the October upward 
100-hPa EP flux (a),  
Z100 (b),  
300-1000-hPa layer 
thickness (c)  
and the October TCI 
for 1958 - 2012.  
 
Contour interval is 0.1, 
negative values are 
dashed, the 0 value is 
omitted.  
 
The area where the 
correlations are 
significant at the 5% 
level in a two-tailed 
test is shaded  

W 

H 

L 

B&W figures from Kryjov (2015) 

Illustration corresponds to Oct TCA+ and DJF AO- 

C 



   

Associated Synoptic Processes 
and Other Possible Predictors 



   

H 

H 

H 

The area where the SLP  
anomalies and the differences  
are significant at the 2.5% level  
in a one-tailed test is shaded. 
 
The letter “H” denotes  
the October climatological  
centre of the Siberian High. 
 
Blue bold lines show the axes 
of the troughs 

Composites of October SLP (mb) 
for winters of the DJF AOI above the upper quintile, below the lower quintile  
and their difference.  
 



   

L 

Composites of October Z500 (m) 
for winters of the DJF AOI above the upper quintile, below the lower quintile  
and their difference.  
 

The area where the Z500  
anomalies and the differences  
are significant at the 2.5% level  
in a one-tailed test is shaded. 
 
The letter “H” denotes  
the October climatological  
centre of the Siberian High. 
 
Blue bold lines show the axes 
of the troughs 



   

Composites of October U300 (m/s) 
for winters of the DJF AOI above the upper quintile, below the lower quintile and their difference.  

 



   

The number of years (out of 30)  
with correlations underlying 
regression |R|>0.4  
 
Original correlation maps (30 maps) 
estimated 30 times based on  
sliding 25-year training periods 

0.91 

0.83 

0.76 

0.56 

0.41 

0.63 / 0.40 

0.91 / 0.26 

0.79 / 0.40 

0.71 / 0.31 

0.79 / 0.32 

Regr. 
R_mean / TCC   

Z500 vs. variable 
predictors R_mean   



   

Conclusions 
October Z500 successful predictor patterns tend to resemble a pattern of 
the Taymyr Circulation Anomaly.  
 
A mechanism linking the DJF AO phase with October circulation is 
anomalous October heat advection of different signs to the Arctic and to 
the East Asia.  
 
October synoptic processes preceding the DJF positive AO phase are the 
northward shift of the PJS, enhancement of Z500 steering flow over the 
northernmost Eurasia, propagation of Atlantic cyclones  up  to Taymyr 
Peninsula and the Laptev sea. Vice versa for DJF negative AO phase. 
 
Assessments based on the series of 30 independent predictions of the 
wintertime AO reveal correlation between the predicted and observed DJF 
AOI exceeding 0.6 and MSSS exceeding 0.35. 
 
The carried out analysis yields that seasonal prediction may be based on a 
certain succession of rapidly varying atmospheric processes starting from 
certain initial conditions, not only on the slowly varying boundary 
conditions.  



   

Thank you 
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 3. Performance of Deterministic Forecast 

  

  

   2. Data  

   1. Introduction 

 The Asia-Pacific Economic Cooperation Climate Center (APCC) has been issuing real-time global 
forecasts of temperature and precipitation since November 2007. Nowadays, 16 state-of-the-art 
models from the leading climate centers and research institutes from 10 countries are involved in 
the APCC operational MME prediction (Min et al. 2014).  
 
 

 The purpose of this study is to assess an overall performance of the current APCC operational 
prediction system based on its real-time seasonal forecasts for the period 2008-2015. It is very 
important from an operational perspective to assess ability of the APCC MME prediction system on 
the data from the period not overlapping with the period of hindcasts.  

Model  Organization/Country Resolution Ens Size (H/F) Reference 
CCSM3 APCC/Korea T85L26 10/10 Jeong et al. (2008) 

BCC BCC/China T42L18 8/8 Ding et al. (2000) 
CMCC CMCC/Italy T63L19 9/9 Alesandri et al. (2010) 
COLA COLA/USA 1.875x1.865deg L18 10/10 Collins et al. (2006) 
CWB CWB/Chinese Taipei T42L18 10/10 Liou et al. (1997) 

GloSea5 KMA7/Korea 0.83x0.56deg L85 12/42 Kang et al. (2011) 

HMC HMC/Russia 1.125x1.406deg L28 10/10 Trosnikov et al. (2005) 
IRI IRI/USA T42L19 24/24 Barnston et al. (2003) 

JMA JMA/Japan T95L40 5/51 Takaya et al. (2010) 
MGO MGO/Russia T42L14 6/10 Shneerov et al. (2002) 

CANCM3 MSC/Canada T63L31 10/10 Scinocca et al. (2008) 
CANCM4 MSC/Canada T63L31 10/10 Merryfield et al. (2013) 

GMAO NASA/USA 288x181grid L72 11/11 Molod et al. (2012) 

CFSv2 NCEP/USA T62L64 20/20 Saha et al. (2014) 
PNU PNU/Korea T42L18 10/10 Ahn and Kim (2013) 

POAMA BOM/Australia T47L17 33/33 Lim et al. (2012) 
GloSea5 UKMO/UK 1.875x1.25deg L85 12/42 MacLachlan et al.(2015) 

 Period: 23-year retrospective (1981-2003) and 8-year real-time (2008-2015) forecasts 
 Target: monthly 3-month mean (seasonal) mean temperature and precipitation  
 Observation for verification: CAMS-OPI for precipitation, NCEP/NCAR Reanalysis II for temperature 

  

4. Performance of Probabilistic Forecast 

  General Performance 

PCC of the APCC single-model (symbols) and SCM MME predictions (red solid line) for temperature over (a) globe, (b) northern extratropics, (c) tropics, and (d) southern extratropics for the period JFM 2008 – DJF 2014/15. Dashed lines indicate the average of all single-model’s PCCs. The values in the brackets are the PCC values of the SCM predictions averaged over the whole period for each region. PCC of the APCC single-model (symbols) and SCM MME predictions (red solid line) for temperature over (a) globe, (b) northern extratropics, (c) tropics, and (d) southern extratropics for the period JFM 2008 – DJF 2014/15. Dashed lines indicate the average of all single-model’s PCCs. The values in the brackets are the PCC values of the SCM predictions averaged over the whole period for each region. 

Fig. 1 PCC of the APCC single-
model (symbols) and SCM 
MME predictions (red solid 
line) for temperature and 
precipitation over (a) globe, (b) 
northern extratropics, (c) 
tropics, and (d) southern 
extratropics for the period 
JFM 2008 – DJF 2015/16. 
Dashed lines indicate the 
average of all single-model’s 
PCCs. The values in the 
brackets are the PCC values of 
the SCM predictions averaged 
over the whole period for 
each region. 

Fig. 2 Spatial distribution of TCC for the SCM 
predictions of (a) temperature and (b) precipitation 
for 96 forecasts, for eight JJA and DJF forecasts for 
the period 2008-15. The area-averaged scores over 
the globe are displayed in the brackets. The contour 
lines enclose the areas where the TCC is statistically 
significant at the 5% level using the two-tailed 
Student’s t-test. 

Temperature Precipitation 

  Spatial Distribution 

Fig. 3 The difference between the highest and 
lowest of 12 TCCs, characterizing the skill of 
seasonal forecasts of (a) temperature and (b) 
precipitation over the period 2008-15. Dots 
indicate that the temporal correlation for all 
seasons during the period is statistically 
significant at the 5% level using the two-tailed 
Student t-test.  

Fig. 4 Time series of ROC score aggregated over the (a) globe and (b) tropics for PMME prediction 
for temperature and precipitation (AN; above-normal, BN; below-normal) for the period 2008JFM to 
2015/16DJF (FCST). The black line indicates the amplitude (absolute value) of Nino 3.4 index. The 
21-year hindcast skill for each category is displayed with a dashed line for comparison (HCST). The 
averaged scores over the region for the whole series of FCST (bar) and HCST (plus) are also shown.  

  Temporal Variation of forecast skill 
Temperature Precipitation 

  Aggregated forecast skill 

Temperature Precipitation 

Fig. 5 Reliability diagrams for the temperature and precipitation forecasts over (a) globe, (b) northern 
extratropics, (c) tropics, and (d) southern extratropics. Triangle on the vertical axes in red (blue) color 
indicates the average observed relative frequency of AN (BN) outcome. Also shown is the Brier Skill 
Score (BSS), including its decomposition in reliability (Brel) and resolution terms (Bres). 

  

   5. Summary 

 This study shows performance of the deterministic and probabilistic APCC operational real-time 
forecasts issued for the period 2008-2015.  
 

 The APCC MME real-time deterministic forecasts during the 8-year period show a reasonably good 
level of skill, with the global average TCC being 0.40 for temperature and 0.36 for precipitation (Fig. 1). 
A skill of the APCC forecasts strongly depends on seasons and regions. It is higher for the tropics and 
boreal winter than for the extratropics and boreal summer due to direct effects and remote 
teleconnections from boundary forcings (Fig. 2). The skill improvement by the MME technics is higher 
for precipitation than for temperature, which could be explained by the higher independence of the 
individual model errors in precipitation forecasts . The region of the highest improvement by the MME 
technics is the northern extratropics, as shown by the relative skill improvement (Fig. 3).  
 

 During the period 2008-15, the APCC operational PMME prediction system performs properly with the 
ROC score much higher than 0.5 for all categories, variables, and regions (Fig. 4). However, the 
probabilistic temperature forecasts for the 8-year period show the distinct cold bias, which is 
evident for all regions (Fig. 5). The deficiency of these forecasts is likely related to the fact that the 
years considered were substantially warmer than the climatology from 1983-03 base period. This 
warm condition is clearly manifested in the northern and southern extratropics and is a major feature 
of the global climate for this period, but it has evidently not anticipated by the APCC multi-model 
forecasts. Similar wet bias is also seen for precipitation, particularly for the northern and southern 
extratropics. During the period 2008-15, we experienced the drier conditions than during the 
reference period (1983-2003), but it was not foreseen in the APCC probabilistic multi-model forecasts.  
 

 The level of prediction skill for global and tropical temperature during the 8-year period is slightly 
less than the average of 21-year hindcast skill whereas precipitation forecast skill is comparable to 
the hindcast skill (Fig. 4). Relatively lower skills for both variables tend to occur during most of 2012-
14 on the background of the El-Nino-La-Nina transitions or the ENSO-neutral. The highest skill during 
the whole 8-year period occurs in 2015/16 boreal winter, a peak of the very strong El Nino. Skill levels 
in specific seasons and locations could benefit users who understand the aspects of the seasonal 
forecasts sufficiently for prudent decision making for their application. Therefore, assessments of the 
seasonal forecasts for more specific regions and/or seasons are also necessary for further study.  
 

• Some important references: 
     Min YM, Kryjov VN, Park CK (2009) A probabilistic multimodel ensemble approach to seasonal  
              prediction. Wea Forecasting 24: 812-828. doi:10.1175/2008WAF2222140.1  
     Min YM, Kryjov VN, Oh SM (2014) Assessment of APCC multimodel ensemble prediction in seasonal  
              climate forecasting: Retrospective (1983–2003) and real-time forecasts (2008–2013). J Geophys   
              Res 199:12132–12150  
 
 

 This deterministic forecast is a simple composite of ensemble means (SCM) of participating 
models. 

 The probabilistic multi-model ensemble (PMME) forecast, presented in the form of tercile-based 
categorical probabilities, is estimated as a weighted combination of individual model probabilistic 
forecasts, computed with the use of Gaussian approximation of probability distribution of ensemble 
members, with model weights being inversely proportional to the random errors in the forecast 
probability (Min et al. 2009).  
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