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A	
  global	
  coupled	
  climate	
  model	
  
based	
  on	
  ECMWF	
  seasonal	
  	
  
forecasDng	
  system	
  	
  
(hep://ecearth.knmi.nl/)	
  and	
  we	
  	
  	
  
are	
  using	
  full-­‐field	
  iniDalizaDon.	
  	
  
	
  
Atmospheric	
  component:	
  
IFS	
  with	
  T159L62	
  (up	
  to	
  5	
  hPa)	
  
	
  

Ocean	
  and	
  sea	
  ice	
  component:	
  
NEMO2-­‐LIM2	
  in	
  ORCA1L42	
  
	
  

Land	
  component:	
  H-­‐TESSEL	
  in	
  IFS	
  
	
  

Global	
  coupler:	
  OASISv3	
  (3hrs)	
  
	
  
Climate	
  models	
  are	
  approximaDons	
  
with	
  inherent	
  sources	
  of	
  errors:	
  	
  
i)	
  	
  	
  discreDzaDon	
  errors,	
  	
  	
  	
  	
  	
  
ii)	
  	
  context	
  errors	
  (includes	
  IC	
  errors),	
  	
  	
  	
  
iii)	
  scale	
  representaDon	
  errors	
  
iv)	
  process	
  representaDon	
  errors	
  

⇒	
  	
  All	
  models	
  develop	
  biases,	
  i.e.,	
  forecasts	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  require	
  post-­‐processing	
  bias	
  correc4on	
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(1.a) (1.b) (1.c)

SSTn60N(ann) [oC] SIENH(ann) [106km2]SSTtrp(ann) [oC]

●	
  ObservaDonal	
  analyses:	
  ERSSTv3b	
  and	
  NSIDC	
  sea	
  ice	
  concentraDon	
  
	
  

●	
  Climate	
  forecast	
  system:	
  EC-­‐Earth2.3	
  (historical	
  simulaDons,	
  HIST,	
  and	
  decadal	
  
predicDons	
  iniDalized	
  on	
  November	
  1st,,	
  INIT,	
  from	
  1979	
  to	
  2005)	
  	
  

à  cold	
  SST	
  bias	
  in	
  the	
  tropics	
  is	
  stronger	
  than	
  in	
  the	
  ArcDc,	
  but	
  the	
  SST	
  bias	
  tends	
  
to	
  get	
  smaller	
  in	
  the	
  tropics	
  and	
  larger	
  in	
  the	
  ArcDc	
  under	
  a	
  warmer	
  climate	
  

à bias	
  of	
  the	
  NH	
  sea	
  ice	
  cover	
  in	
  HIST	
  is	
  reduced	
  under	
  a	
  warmer	
  climate.	
  	
  

(30°S	
  –	
  30°N)	
   (60°N	
  –	
  90°N)	
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(S1.a) (S1.b)

(S1.c) (S1.d)

Seasonal	
  means	
  of	
  tropical	
  SST	
  (30°S	
  –	
  30°N)	
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●	
  Structure	
  of	
  mean	
  SST	
  bias	
  (due	
  to)	
  
	
  
-­‐	
  radiaDve	
  imbalance	
  in	
  the	
  atmosphere	
  
-­‐	
  inaccurate	
  detachment	
  (too	
  far	
  north)	
  of	
  
the	
  NH	
  western	
  boundary	
  currents	
  
-­‐	
  weak	
  AMOC	
  
-­‐	
  weak	
  exchange	
  between	
  the	
  surface	
  and	
  
the	
  deep	
  Southern	
  Ocean	
  
-­‐	
  deficient	
  mid-­‐laDtude	
  clouds	
  
….	
  

EC-­‐Earth2.3	
  (1979-­‐2012)	
  
-­‐	
  ERSSTv3b	
  (1979-­‐2012)	
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Hist.	
  sim.	
  EC-­‐Earth2.3	
  
lin.	
  trend	
  (1979-­‐2012)	
  

Obs.	
  ERSSTv3b	
  
lin.	
  trend	
  (1979-­‐2012)	
  

EC-­‐Earth2.3	
  	
  
lin.	
  trend	
  (1979-­‐2012)	
  

	
  -­‐	
  ERSSTv3b	
  	
  
	
  	
  	
  lin.	
  trend	
  (1979-­‐2012)	
  

●	
  Long-­‐term	
  trend	
  (and	
  
natural	
  variability)	
  also	
  
exhibits	
  significant	
  biases	
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Hist.	
  sim.	
  EC-­‐Earth2.3	
  
lin.	
  trend	
  (1979-­‐2012)	
  

Obs.	
  ERSSTv3b	
  
lin.	
  trend	
  (1979-­‐2012)	
  

EC-­‐Earth2.3	
  	
  
lin.	
  trend	
  (1979-­‐2012)	
  

	
  -­‐	
  ERSSTv3b	
  	
  
	
  	
  	
  lin.	
  trend	
  (1979-­‐2012)	
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●	
  IC	
  bias	
  correc4on	
  method	
  
	
  
Even	
  with	
  the	
  best	
  possible	
  BC	
  and	
  IC,	
  the	
  model	
  bias	
  can	
  sDll	
  be	
  larger	
  than	
  the	
  climate	
  
signal	
  one	
  wants	
  to	
  predict	
  

	
  ⇒	
  We	
  use	
  a	
  set	
  of	
  hindcasts	
  to	
  esDmate	
  the	
  development	
  of	
  the	
  model	
  error	
   	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  as	
  a	
  funcDon	
  of	
  the	
  start	
  date	
  i	
  and	
  the	
  forecast	
  Dme	
  f	
  

	
  
1)	
  	
  Mean	
  (per-­‐pair)	
  bias	
  correcDon	
  method	
  (I)	
  
	
  	
  	
  	
  	
  	
  	
  à	
  replaces	
  the	
  long-­‐term	
  mean	
  (over	
  i)	
  of	
  a	
  model	
  variable	
  with	
  the	
  long-­‐term	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  mean	
  of	
  corresponding	
  OBS	
  at	
  each	
  forecast	
  Dme	
  f	
  (or	
  lead	
  Dme	
  l):	
  	
  
	
  
	
  	
  
	
  
	
  
Some	
  forecast	
  systems,	
  beside	
  the	
  mean	
  bias,	
  also	
  exhibit	
  a	
  condiDonal	
  bias	
  in	
  Dme;	
  
i.e.,	
  a	
  forecast	
  drip	
  that	
  is	
  dependent	
  on	
  the	
  start	
  date	
  i  (e.g., the NH sea ice extent) 

	
  ⇒	
  to	
  account	
  for	
  errors	
  in	
  the	
  forced	
  climate	
  response,	
  a	
  more	
  general	
  adjustment	
  
	
  	
  	
  	
  	
  	
  method	
  assumes	
  a	
  linear	
  dependence	
  of	
  the	
  bias	
  on	
  the	
  start	
  date	
  i	
  	
  

	
  
2)	
  	
  Trend	
  bias	
  correcDon	
  method	
  (II)	
  
	
  	
  	
  	
  	
  	
  	
  à	
  replaces	
  a	
  linear	
  regression	
  of	
  the	
  forecasts	
  on	
  i	
  with	
  the	
  linear	
  regression	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  of	
  the	
  corresponding	
  OBS	
  on	
  i	
  at	
  each	
  forecast	
  or	
  lead	
  Dme	
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a posteriori correction of model biases [IPO, 2011]. For the near-term climate predictions83

advancements in determining the most suitable initial conditions (IC) and development84

of post-processing bias-reduction methods o↵er substantial potential for improvement of85

model skill and practical applications [refs].86

The mean bias correction replaces the long-term mean of a model variable with the87

long-term mean of OBS at each lead time [Goddard et al., 2013]. Specifically, in this stan-88

dard approach, the par-pair method provides a significant improvement of climate fore-89

casts by using the same years to estimate the observed and model climatologies [Garćıa-90

Serrano and Doblas-Reyes , 2012]. Let’s consider a set of ”raw” model forecastsm
i,l

, where91

i=1,2,..,n
l

are the initial year of predictions. n

l

is the number of forecasts that depends92

on the lead time l (i.e., time elapsed since the start of the forecast) when we calculate93

model bias due to limited time-window of available observations. The corresponding OBS94

over the same period are denoted as o
i,l

. The averages of the forecasts and OBS over all95

the start years are m
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m	
  is	
  the	
  “raw”	
  forecast,	
  o	
  is	
  obs./reanalysis,	
  
i	
  is	
  the	
  ini:al	
  :me	
  (year),	
  and	
  l	
  is	
  the	
  lead	
  :me	
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Predicted climate response to natural and anthropogenic external forcing in principle100

can not be identical to OBS due to model deficiencies. Some climate models, beside the101

mean bias, also exhibit a substantially di↵erent long-term linear trend than OBS, hence102

they have conditional bias in time, i.e., a persistent forecast drift that is dependent on103

the initial time. To account for this a more general adjustment method than transforma-104

tion (2) assumes a linear behavior of bias with the initial year [Kharin et al., 2012] and105

represents the model forecast and OBS as106

m

i,l

⌘ [a(m)
l

+ b

(m)
l

i] +m

00
i,l

and o

i,l

⌘ [a(o)
l

+ b

(o)
l

i] + o

00
i,l

, (3)

respectively, where a

(m,o)
l

⌘ (m, o)
l

� b

(m,o)
l

i are the ordinate-intercepts and b

(m,o)
l

⌘107

cov(i, (m, o)
i,l

)/var(i) are the slope coe�cients of the linear regression. This linear-trend108

bias correction replaces forecasted linear trend with OBS linear trend in time:109

m

i,l

7�! m̃

i,l

⌘ m

i,l

� {[a(m)
l

+ b

(m)
l

i]� [a(o)
l

+ b

(o)
l

i]}

= m̂

i,l

� [b(m)
l

� b

(o)
l

][i� i]. (4)

Such a more versatile post-processing adjustment encompasses the mean bias correction110

as the first order e↵ect, but it can also account for systematic di↵erence in the forecasted111

and observed long-term trend [Fyfe et al., 2011; Kharin et al., 2012].112

Furthermore, dependance of the forecast bias and skill on the state of internal variability113

(most importantly on the ENSO phase and magnitude) was shown in seasonal predictions114

[Goddard and Diley, 2005; one more] and studies of decadal predictability [Collins et115

al., 2006; Branstator and Teng, 2010]. Hence we see the need for a new method for116
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Trend	
  bias	
  correcDon	
  includes	
  the	
  mean	
  bias	
  correcDon	
  term,	
  but	
  it	
  can	
  also	
  account	
  
for	
  the	
  systemaDc	
  difference	
  between	
  the	
  forecasted	
  and	
  observed	
  long-­‐term	
  trends	
  
	
  

However,	
  even	
  if	
  there	
  is	
  no	
  significant	
  error	
  in	
  the	
  long-­‐term	
  trend,	
  there	
  can	
  be	
  a	
  
different	
  drip	
  depending	
  on	
  the	
  iniDal	
  condiDons	
  

	
  ⇒	
  we	
  see	
  the	
  need	
  for	
  a	
  new	
  postprocessing	
  method	
  that	
  should	
  incorporate	
  	
  
	
  	
  	
  	
  	
  	
  the	
  condiDonal	
  sensiDvity	
  to	
  the	
  observed	
  state	
  of	
  natural	
  variability	
  

	
  
3)	
  	
  The	
  new	
  IC	
  bias	
  correc4on	
  method	
  (III)	
  
	
  	
  	
  	
  	
  	
  	
  à	
  we	
  propose	
  that	
  the	
  dependence	
  of	
  the	
  model	
  drip	
  and	
  bias	
  on	
  the	
  observed	
  IC,	
  	
  	
  

	
  	
  	
  	
  should	
  be	
  taken	
  into	
  account	
  as	
  addiDonal	
  correcDon	
  to	
  the	
  mean	
  adjustment	
  
	
  

However,	
  instantaneous	
  IC	
  at	
  the	
  beginning	
  of	
  the	
  first	
  day	
  in	
  a	
  month	
  are	
  too	
  noisy	
  for	
  
climate	
  forecasDng	
  

	
  ⇒	
  we	
  put	
  forward	
  assumpDon	
  of	
  a	
  linear	
  dependence	
  of	
  the	
  model	
  bias	
  on	
  the	
  
	
  	
  	
  	
  	
  	
  monthly	
  mean	
  obs	
  in	
  the	
  1st	
  forecast	
  month	
  (lead	
  month	
  0),	
  oi,l=0=a	
  proxy	
  for	
  IC,	
  
	
  	
  	
  	
  	
  	
  as	
  a	
  simple	
  approach	
  to	
  incorporate	
  such	
  condiDonal	
  bias	
  dependence	
  on	
  the	
  IC	
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à here	
  implemented	
  version	
  of	
  the	
  IC	
  bias	
  correcDon	
  method	
  replaces	
  the	
  linear	
  	
  	
  	
  	
  	
  
regression	
  of	
  the	
  model	
  forecasts	
  on	
  oi,l=0	
  with	
  the	
  linear	
  regression	
  of	
  OBS	
  on	
  oi,l=0	
  
for	
  each	
  forecast	
  month	
  (or	
  lead	
  Dme).	
  	
  

à new	
  IC	
  method	
  also	
  incorporates	
  the	
  mean	
  bias	
  correcDon	
  	
  
	
  	
  	
  	
  	
  term	
  but	
  addiDonally	
  contains	
  a	
  key	
  linear	
  dependence	
  on	
  	
  
	
  	
  	
  	
  	
  a	
  smoothed	
  proxy	
  for	
  obs	
  IC.	
  	
  

However,	
  the	
  IC	
  bias	
  correcDon	
  method	
  has	
  a	
  stronger	
  dependence	
  on	
  the	
  quality	
  of	
  
obs	
  than	
  the	
  mean	
  and	
  trend	
  bias	
  correcDon	
  methods	
  

	
  ⇒	
  we	
  focus	
  on	
  the	
  modern	
  observaDonal	
  period	
  since	
  1979	
  characterized	
  with	
  a	
  
	
  	
  	
  	
  	
  	
  high	
  density	
  of	
  quality	
  monthly	
  surface	
  obs	
  that	
  will	
  enable	
  us	
  to	
  establish	
  the	
  
	
  	
  	
  	
  	
  	
  largest	
  possible	
  advantage	
  of	
  the	
  IC	
  bias	
  correcDon	
  method	
  

	
  
The	
  states	
  of	
  the	
  ocean	
  and	
  sea	
  ice	
  cover	
  are	
  among	
  the	
  main	
  sources	
  of	
  climate	
  predictability	
  on	
  
seasonal	
  to	
  decadal	
  :me	
  scales,	
  hence	
  we	
  will	
  firstly	
  focus	
  on	
  large-­‐scale	
  SST	
  indices	
  and	
  the	
  NH	
  
sea	
  ice	
  extent.	
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bias correction that should combine the influence of the potential linear trend in model117

bias and sensitivity to the observed state of natural variability (e.g., to incorporate how118

model skill increases during ENSO events with large amplitude) . We propose that the119

assumption of linear dependance of a bias on monthly mean OBS at lead time 0 is the120

simplest possible one to accomplish this and represent the model forecast and OBS as121
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The new linear method for a-posteriori adjustment of climate forecasts also incorpo-125

rates the mean bias correction as the first order term. In the next section we compare126

performance of these three methods for bias correction of climate forecasts over the mod-127

ern satellite era on OBS initialized hindcasts produced with the EC-Earth2.3 under the128

CMIP5 protocol for decadal predictions.129
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X - 8 FUČKAR ET AL.: NEW METHOD FOR BIAS ADJUSTMENT

bias correction that should combine the influence of the potential linear trend in model117

bias and sensitivity to the observed state of natural variability (e.g., to incorporate how118

model skill increases during ENSO events with large amplitude) . We propose that the119

assumption of linear dependance of a bias on monthly mean OBS at lead time 0 is the120

simplest possible one to accomplish this and represent the model forecast and OBS as121

m

i,l

⌘ [↵(m)
l

+ �

(m)
l

o

(IC)
i

] +m

000
i,l

and o

i,l

⌘ [↵(o)
l

+ �

(o)
l

o

(IC)
i

] + o

000
i,l

, (5)

respectively, where ↵(m,o)
l

⌘ (m, o)
l

��

(m,o)
l

o

(IC)
i

are the ordinate-intercepts and b

(m,o)
l

⌘122

cov(o(IC)
i

, (m, o)
i,l

)/var(o(IC)
i

) are the slope coe�cients of the linear regression in the space123

space of monthly OBS. The new bias correction is defined as the following transformation:124

m

i,l

7�! ˜̃
m

i,l

⌘ m

i,l

� {[↵(m)
l

+ �

(m)
l

o

(IC)
i

]� [↵(o)
l

+ �

(o)
l

o

(IC)
i

]}

= m̂

i,l

� [�(m)
l

� �

(o)
l

][o(IC)
i

� o

(IC)
i

]. (6)

The new linear method for a-posteriori adjustment of climate forecasts also incorpo-125

rates the mean bias correction as the first order term. In the next section we compare126

performance of these three methods for bias correction of climate forecasts over the mod-127

ern satellite era on OBS initialized hindcasts produced with the EC-Earth2.3 under the128

CMIP5 protocol for decadal predictions.129

D R A F T January 14, 2014, 5:00pm D R A F T
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à	
  	
  on	
  annual	
  :me	
  scale	
  IC	
  bias	
  correcDon	
  
method	
  shows	
  mean	
  	
  improvement	
  in	
  the	
  
first	
  year	
  or	
  so	
  though	
  not	
  staDsDcally	
  
significant	
  at	
  the	
  95%	
  confidence	
  level	
  
based	
  on	
  a	
  𝜒2	
  distribuDon.	
  	
  
	
  

à	
  on	
  seasonal	
  :me	
  scale	
  some	
  climate	
  
indices	
  due	
  to	
  the	
  IC	
  bias	
  correcDon	
  show	
  
staDsDcally	
  significant	
  improvements	
  over	
  
the	
  first	
  3-­‐4	
  months	
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Figure S7.a   The RMSE of the SST 
anomalies in INIT averaged over 
the 1st forecast year using the
trend bias correction methods (II).
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RMSE(x,y)	
  of	
  SST	
  anomalies	
  in	
  INIT	
  
averaged	
  over	
  the	
  1st	
  year	
  

Using	
  trend	
  bias	
  
correcDon	
  method	
   Using	
  IC	
  bias	
  

correcDon	
  method	
  

(S7.c)	
  =	
  (S7.b)	
  /	
  (S7.c)	
  	
  

RaDo	
  of	
  RMSE	
  of	
  the	
  SST	
  anomalies	
  in	
  INIT	
  
averaged	
  over	
  the	
  1st	
  year	
  using	
  the	
  IC	
  and	
  
the	
  trend	
  bias	
  correcDon	
  method.	
  	
  
	
  

⇒	
  reducDon	
  of	
  grid	
  point	
  error	
  with	
  IC	
  
bias	
  correcDon	
  (with	
  respect	
  to	
  two	
  other	
  
methods)	
  is	
  prevailing	
  in	
  the	
  first	
  year	
  	
  



17/18	
  

●	
  Summary	
  and	
  Conclusions	
  
	
  

Proposed	
  IC	
  bias	
  correcDon	
  method	
  for	
  post-­‐processing	
  adjustment	
  of	
  climate	
  
forecasts	
  takes	
  into	
  account	
  the	
  dependence	
  of	
  the	
  predicDon	
  drip	
  on	
  the	
  
observed	
  IC	
  through	
  linear	
  regression	
  in	
  phase	
  space	
  of	
  obs	
  
	
  

Improvements	
  in	
  the	
  determinisDc	
  forecast	
  skill	
  of	
  ensemble	
  mean	
  aper	
  using	
  IC	
  
bias	
  correcDon,	
  with	
  respect	
  to	
  the	
  two	
  established	
  methods,	
  are	
  shown	
  from	
  
the	
  first	
  two	
  seasons	
  for	
  some	
  large-­‐scale	
  SST	
  indices	
  and	
  up	
  to	
  5	
  years	
  for	
  the	
  
NH	
  sea	
  ice	
  extent	
  
à  on	
  seasonal	
  Dme	
  scale	
  these	
  improvements	
  are	
  staDsDcally	
  significant	
  	
  
	
  	
  	
  	
  	
  	
  in	
  the	
  first	
  3	
  or	
  4	
  months	
  for	
  several	
  examined	
  climate	
  indices	
  
	
  

Instantaneous	
  IC	
  at	
  the	
  beginning	
  of	
  a	
  month	
  are	
  too	
  noisy	
  for	
  the	
  applicaDon	
  of	
  
IC	
  bias	
  correcDon	
  method	
  in	
  climate	
  forecasts	
  on	
  monthly	
  and	
  longer	
  Dme	
  scales	
  
à	
  we	
  use	
  monthly	
  mean	
  obs	
  in	
  the	
  first	
  forecast	
  month	
  as	
  a	
  smoothed	
  proxy	
  
	
  

IC	
  bias	
  correcDon	
  method	
  has	
  a	
  strong	
  sensiDvity	
  to	
  the	
  quality	
  of	
  obs	
  	
  
à  extending	
  the	
  hindcast	
  archive	
  deeper	
  into	
  the	
  past	
  may	
  not	
  benefit	
  the	
  	
  	
  	
  

predicDon	
  skill,	
  but	
  with	
  a	
  shorter	
  verificaDon	
  period	
  we	
  could	
  increase	
  the	
  
uncertainty	
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●	
  Future	
  direc4ons	
  
	
  

Apply	
  IC	
  bias	
  correcDon	
  method	
  to	
  wider	
  spectrum	
  of	
  large-­‐scale	
  climate	
  indices	
  
and	
  variables	
  at	
  grid-­‐point	
  resoluDon	
  in	
  different	
  forecasDng	
  systems	
  to	
  further	
  
analyze	
  its	
  capability	
  and	
  limitaDon	
  	
  
	
  

Adapt	
  IC	
  bias	
  correcDon	
  method	
  for	
  use	
  with	
  anomaly	
  iniDalizaDon	
  	
  
	
  

Explore	
  different	
  opDons	
  for	
  temporarily	
  smoothed	
  proxy	
  of	
  obs	
  IC	
  


