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- Departures to ERA interim
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Cone metrics

σ0obs Histograms in {x,y,z} measurement space

Z(x,y) 
For every node

- Track changes in wind cone shape and location
- Independent of wind PDF !

(0.2 dB grid)
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cross cross

The wind cone defined by the surface of maximum density of ocean backscatter

45°45°

- Define a reference wind cone (ASCAT 2013)
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• Cone shifts à linear antenna beam offsets
• Residuals à inform about more complex 

calibration relations (non-linearities)

Minimizing the STD of the residuals:

ASCAT to ASCAT

ERS2 to ASCAT

ERS1 to ASCAT

Res = Z(x+Δx, y+Δy) - Z0(x,y)



Nonlinear corrections to ERS
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that solutions for the ERS WVC node number 0-4 are missing in Figure 2 and Table I below, because of the absence 
of an ASCAT reference cone at those incidence angles. 

Noting where optimal solutions emerge from the parameter sensitivity floor (i.e. the parameter value above which the 
effect of the non-linear correction on observed backscatter is measurable), we conclude that non-linear corrections to 
ERS-1 are negligible at the lower incidence nodes. Non-linear corrections affect the larger incidence nodes only (i.e., 
WVCs 13-18 for the mid-beam and WVCs 7-18 for the side beams), as verified by the residual RMS fits to the 
reference cone, which only improve over WVCs 13-18 and then by about 40% (see Fig. 3). The most remarkable 
effect of non-linear corrections to ERS-1 data is seen in the tail histograms of the fore/aft beams at large node 
numbers (see Figure 4). 

 

Fig. 3 – Residual RMS fit between the ERS-1 and the reference ASCAT wind cone before (continuous line) and after the non-
linear correction (dashed line). 

TABLE I 
NON-LINEAR CORRECTION PARAMETERS AND RMS FITS FOR ERS-1 

ERS 
WVC 

         
    N                 N                 RMS 
  MID       FORE/AFT           FIT* 

0 -55 dB     -55 dB           N/A 
1 -55 dB     -55 dB           N/A 
2 -55 dB     -55 dB           N/A 
3 -55 dB     -55 dB           N/A 
4 -55 dB     -55 dB           N/A 
5 -55 dB     -55 dB    0.051/0.046  
6 -55 dB     -55 dB    0.052/0.046 
7 -55 dB     -45 dB    0.051/0.045 
8 -55 dB     -44 dB    0.054/0.048 
9 -55 dB     -45 dB    0.055/0.049 

10 -55 dB     -44 dB    0.060/0.053 
11 -55 dB     -44 dB    0.062/0.051 
12 -55 dB     -43 dB    0.061/0.054 
13 -44 dB     -43 dB    0.061/0.053 
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improve by 20% at low nodes and by more than 300% at high nodes (Fig. 6). The effect of the non-linear corrections 
is most remarkable on the tail histograms of mid-beam backscatter, particularly at large incidence angles (Figure 7).  

TABLE II 
NON-LINEAR CORRECTION PARAMETERS AND RMS FITS FOR ERS-2 

ERS 
WVC 

            
    N               N                  RMS 
  MID     FORE/AFT            FIT* 

0 -23 dB    -50 dB     0.047/0.044 
1 -23 dB    -50 dB     0.049/0.045 
2 -23 dB    -50 dB     0.054/0.047 
3 -23 dB    -50 dB     0.051/0.046 
4 -23 dB    -50 dB     0.056/0.049 
5 -25 dB    -50 dB     0.065/0.052 

6 -25 dB    -50 dB     0.059/0.052 
7 -25 dB    -52.5dB   0.062/0.048 
8 -25 dB    -52.5dB   0.074/0.048 
9 -25.5dB  -50 dB     0.087/0.051 

10 -26 dB    -50 dB     0.096/0.051 
11 -26.5dB  -47.5dB   0.102/0.056 
12 -27 dB    -50 dB     0.096/0.050 
13 -27.5dB  -52.5dB   0.101/0.052 
14 -28 dB    -52.5dB   0.104/0.053 
15 -28 dB    -50 dB     0.129/0.049 
16 -28 dB    -50 dB     0.136/0.050 
17 -28 dB    -47.5dB   0.165/0.058 
18 -28 dB    -47.5dB   0.182/0.061 

* The RMS fit refers to the RMS difference in cone residuals before/after the non-linear correction. 

 

à ERS and ASCAT wind cone shapes become aligned !!

ERS-1 ERS-2

ERS-1 ERS-2
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5. Non-linear corrections to ERS-1 
 
The backscatter corrections to ERS-1 data consist of the subtraction of a non-linear calibration curve (known as the 
noise floor correction, NFC) and a linear offset as: 

!!",!"##! = !!"! − !"# !!"! ;! − !""#$%       (1) 

The non-linear term for ERS-1 is defined as: 

!"# !!"! ;! = !"
!" (!") 10

!(!!"! !!)/!"        (2) 

Where �0dB represents backscatter in dB, and N is the beam and node-dependent parameter of the non-linear 
correction, given in Table I and shown Fig. 2 below. Note that the side beams (fore and aft) are assumed to bear the 
same non-linear parameter Nfa, which is different from the mid-beam Nm. The non-linear calibration curve in Eq. (2) 
for ERS-1 is consistent with a noise floor correction, where N is the constant noise floor level in dB that would 
correspond to a small additive offset of 10N/10 to backscatter in linear space. 

 

Fig. 2 – Non-linear correction parameters for ERS-1 (KNMI’95) (thick black line) for the mid-beam (Nm, left panel) and the 
fore/aft beams (Nfa, right panel) with uncertainty margins (orange bands, collecting solutions with residuals within 10% of the 
absolute minimum) and parameter sensitivity floor (the parameter value whose effect on the backscatter tail is less than 0.2 dB, 

thick dashed line)  

Figure 2 shows the variation in the non-linear parameter N as a function of node number for the mid and side beams 
of ERS-1. The orange bands indicate ambiguity in the determination of the combination (Nm, Nfa) that minimizes the 
residual RMS fit to the reference ASCAT wind cone (i.e., the range of solutions with RMS residuals within 10% of the 
minimum residual for that node). The presence of multiple solutions with low residuals is particularly problematic at 
low incidence nodes (i.e. with stronger backscatter) where sensitivity to the correction appears to be reduced. 
Eventually, an optimal solution is selected among those considered ambiguous by minimizing the variance to the 
reference ASCAT tail histogram (formed by the frequency distribution of the lowest 2% backscatter values). Note 
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6. Non-linear corrections to ERS-2 
 
The backscatter corrections to ERS-2 data consist on a non-linear calibration curve (subtracted from the mid beam, 
but added to side beams) and the subtraction of a linear offset as: 

!!",!"##! = !!"! − !"#! !!"! ;!" − !""#$%       (3a) 

!!",!"##! = !!"! + !"#!" !!"! ;!!" − !""#$%       (3b) 

The non-linear calibration curves for the mid and fore/aft beams are defined as: 

!"#! !!"! ;!" = !"
!" (!") 10!(!!"! !!")/! + 10!(!!"! !!")/!      (4a) 

!"#!" !!"! ;!"# = !"
!" (!") 10

!(!!"! !!"#)/!"       (4b) 

Where �0dB represents backscatter in dB, and Nm and Nfa are the beam and node-dependent parameters of the non-
linear correction given in Table II and shown in Figure 5 below.  

 

Fig. 5 – Non-linear correction parameters for ERS-2 (KNMI’97) (thick black line) mid-beam (Nm, left panel) and fore/aft beams 
Nfa (right panel) with uncertainty margins (orange bands, collecting solutions with residuals within 10% of the absolute minimum) 

and parameter sensitivity floor (the parameter value whose effect on the backscatter tail is less than 0.2 dB, thick dashed line)  

 

Figure 5 shows the variation in the non-linear parameter N as a function of node number for the mid and side beams 
of ERS-2. The non-linear corrections have a greater impact on ERS-2 backscatter than in the ERS-1 case, with 
parameter values well above the sensitivity floor for all nodes, and residual RMS fits to the reference cone that 

ERS-1 à

ERS-2 à

(noise floor correction)

0.09 dB

0.19 dB



C-band backscatter stability
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• Cone metrics (linear and nonlinear) corrections bring the
ERS and ASCAT wind cones in line with the ASCAT 2013
reference to within 0.05 dBà residual variability

• In compliance with the GCOS stability requirement of 0.1
dB (~0.1 m/s) per decade for the provision of an ocean
surface wind CDR



Residual backscatter variability
à seasonal	and	diurnal	(ascending/descending)	

à correlates	with global	eddy	wind	speed	
(wind	variability	associated	with	surface	instability)

à Similar	for	all	beams	and	nodes.	What	is	its	nature?



Future GMF improvements

Upgrading the GMF from CMOD5n to CMOD71 brings better fits to 
observed backscatter, particularly at higher incidences…

à there is still room for improvement…

WVC20WVC20

C
M

O
D
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C
M
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7

CMOD6 CMOD7

And at low winds!



Scatterometer sea ice record (1992-2016)
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Arctic

Antarctic
September minima 
in 2007 and 2012

September 
maxima in 2014

1992 2016

www.knmi.nl/scatterometer/ice_extents
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The ASCAT and ERS records have been reprocessed at KNMI
after introduction of three major upgrades:

1) nonlinear corrections to ERS data (*)
2) a new GMF (CMOD71)
3) neutral-to-stress equivalent NWP winds

(*) The linear correction is obtained from ocean calibration

C-band scatterometer wind CDR

à impact	of	the	these	upgrades	(1-2)	is	felt	in	terms	of	
improved	MLEs	(internal	consistency)	and	buoy	triple	
collocation	scores	(external	reference)

How	has	the	agreement	to	ERA	interim	improved?



Total, mean and eddy kinetic energies

ASCAT	2012

TKE	=	MKE	+	EKE
u	=	<u>	+	u’	
v	=	<v>	+	v’

TOTAL	wind	speed MEAN	wind	speed EDDY	wind	speed

Wind	fields	gridded to 0.5	x	0.5	deg bins	à level	spatial resolution effects

sqrt(<u2+v2>)	 sqrt(<u>2+<v>2) sqrt(<u’2	>+<v’2	>)

Average <> is over time (annual)



ASCAT minus ERA interim
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2012

TOTAL	windspeed	differences

Bias	=		0.055	m/s
Rms =	0.260	m/s	

Remarkable	
regional	

departures
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ASCAT minus ERA interim
2012

MEAN	windspeed	differences EDDY	windspeed	differences

• Model	ITCZ	winds	are	biased	low
• Model	westerlies are	biased	high

Also	in	SCOW	to	NCEP	[Risien &	Chelton,	2008]

• Model	eddy	winds	are	
underestimated	(ITCZ	and	
western	boundary	currents)
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ASCAT minus ERA interim 2012

MEAN	windspeed	differences EDDY	windspeed	differences
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Departures in meridional mean kinetic energy

ASCAT minus ERA interim
2012
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Figure 10. (a) Latitude–height cross section of annual zonal mean tropospheric NO2 VMR in logarithmic scale from TM4 (left) and OMI
(right) with CRF> 50%. (b) Same as (a) but for the remote Pacific sector (180–135W).

Figure 11. Longitudinal cross section of annual mean tropospheric NO2 VMR in logarithmic scale from TM4 (left) and OMI (right) with
CRF> 50% over the tropics (10� N–20� S).

jor industrial emission over the northern mid-latitudes at
the lowest levels, the associated convective cloud is reach-
ing higher in altitude. In the tropics and southern latitudes,
vertical transport of the combination of biomass burning
and industrial emissions is stronger and reaching higher –
with a prominent high plume originating from the Johan-
nesburg area. The observation update does bring notably

stronger midtropospheric outflows distributed over a broader
latitude band and weaker NO2 signatures at high altitude.
The enhanced mid-tropospheric plume is best appreciated
in Fig. 10b, which shows the annual zonal mean tropo-
spheric NO2 averaged over the Pacific Ocean sector (180–
135W) – the dominant sources of NO2 over the oceans are
thought to include the long-range transport from continen-
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nesburg area. The observation update does bring notably

stronger midtropospheric outflows distributed over a broader
latitude band and weaker NO2 signatures at high altitude.
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Model NO2

Observed NO2



Temporal stability
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a)	Backscatter

b)	Global	wind	speed	differences	to	ERA	interim

NOC	corrections	for	
ERS	period	are	not	
optimal	according	
to	cone	metrics

ERA	interim	is	not	a	
stable	reference



Conclusions

l Cone metrics succeeds at characterizing the temporal stability of C-
band scatterometers down to 0.01-0.02 dB, and establishes the 
linear and nonlinear corrections necessary to homogenize the 
ASCAT and ERS records down to 0.05 dB.
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l Both mean and eddy wind components appear to be relevant in 
evaluating reanalyses against scatterometer wind climatologies

l Largest departures to ERA interim in ITCZ meridional winds
l ERA interim is not such a stable reference: NOC corrections during 

ERS period are not optimal according to cone metrics

Intercalibration

C-band	scatterometer wind	CDR

www.knmi.nl/scatterometer/ice_extents
Scatterometer sea	ice	CDR


