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Here we assume that the microwave signature of consolidated ice has little 
variation during winter, and thus using fixed tie points in the ice concentration 
retrieval. Instead of the standard tie points described in Spreen (2008), the tie 
points used here are chosen based on the average polarisation difference at near 
90 GHz of the RRDP SIC1 and SIC0 data for AMSR-E and AMSR-2 as shown in 
Table 6-9: Tie points for Northern Hemisphere for ASI_uncor, ASI_cor, Lin_uncor 
and Lin_cor for AMSR sensors.. 

Algorithm ASI_uncor & Lin_uncor ASI_cor & Lin_cor 

Sensor Name AMSR-E AMSR-2 AMSR-E AMSR-2 

P0 (K) 39 39 70.5 70.9 

P1 (K) 9.7 9.3 12.2 11.5 

Table 6-9: Tie points for Northern Hemisphere for ASI_uncor, ASI_cor, 
Lin_uncor and Lin_cor for AMSR sensors. 

 

Although AMSR-E and AMSR-2 have almost identical frequency channels, their 
calibrations are different resulting in inconsistency in the Tb measurements. To 
overcome this problem, we adopt the inter-calibration scheme provided by 
Okuyama and Imaoka (2015) to convert AMSR-2 observations L1B version 2, to 
equivalent AMSR-E Tbs L2A version 12, before inserting the values to the ice 
algorithm. 

Weather influence such as atmospheric water vapour and cloud liquid water may 
cause false detection of sea ice over open water. The standard ASI algorithm uses 
two individual parameters, GR23 and GR36, to screen out such weather impacts. 
All pixels with GR23 higher than 0.04 or GR36 higher than 0.045 will be 
determined as false ice detection and their ice concentration would be set to zero. 
Other than that, an additional lower frequency ice algorithm (Bootstrap) is 
combined to filter out ice concentration lower than 5%. For a better inter-
comparison with the other algorithms, ASI_uncor does not use any weather filter. 

6.3.37 ASI_cor 

This algorithm is similar to ASI-uncor, but has a retrieval curve  closer to linear, 
due to the reduced atmospheric influence (Fig. 6-10). 

Traditional ice concentration algorithms often adopt external threshold-based 
filters to screen out weather impact over open water which causes false detection 
of ice. At higher microwave frequencies, the atmospheric influence is even more 
pronounced. However, such weather filters only work over the open ocean, and 
may exclude regions of low ice concentration. In this study, we take another 
approach to correct the weather influence by simulating changes in Tbs caused by 
the atmospheric water absorption/emission and wind roughened ocean surface 
scattering. The difference between Tbs simulated by a radiative transfer model 
(Wentz and Meissner, 2000) using clear atmosphere and collocated ECMWF Era-
Interim atmosphere profile is interpreted as the Tb differences induced by weather 
effect, and is then subted from the observed Tbs. New tie points are computed 
based on the average polarisation difference of the corrected Tbs of RRDP SIC0 
and SIC1 data, which leads to new coefficients di for the linear equation system 
(3-43-10). The corrected Tbs are then input to the new retrieval polynomial. This 
new algorithm is named as ASI_cor. 
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A first guess of surface classification and emissivity tie points are necessary for 
the radiative transfer model. Here we use the NasaTeam algorithm to retrieve the 
total ice concentration and multi-year ice fraction during the winter months, and 
utilize the monthly ice emissivity values provided in Mathew et al. (2009) as input 
to the forward model. Due to melting events during summer, the radiometric 
signature of first-year ice may appear similar to multi-year ice, which complicates 
ice type distinguishing. Also the atmospheric water content is often higher during 
summer, causing higher occurrence of false ice concentration detection over the 
ocean. In addition to that, the monthly first-year ice emissivities presented in 
Mathew et al. (2009) are problematic due to the melting events. Therefore, a 
different weather correction scheme is needed for summer, and new tie points as 
well. Details about summer tie points are described in Chapter Fehler! 
Verweisquelle konnte nicht gefunden werden.. The summer correction 
scheme is still under investigation, and only the winter results are presented here. 
The plot below shows the retrieval curve of ASI_uncor and ASI_cor using AMSR-E 
and AMSR-2 tie points. Notice that after weather correction, the retrieval curve of 
ASI_cor is closer to a linear function. Since the non-linearity of the ASI algorithm 
is caused by the atmospheric absorption and emission, with those effects 
corrected from the Tbs, ideally the relationship between SIC and polarisation 

difference should be linear.  

 
Figure 6-10: Total ice concentration as function of the polarisation difference at 89 GHz 
before (left panel) and after (right panel) weather correction using ASI (blue solid 
curves) and Lin90 (red dashed lines) algorithms. The top panel are the retrieval curves 
for AMSR-E, and the lower panel for AMSR-2. 
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6.3.38 LIN1 

Lin90_uncor is a simplified version of ASI algorithm. Instead of a non-
linearfunction, it assumes a linear relationship between the polarisation difference 
in Tbs at near 90 GHz with the total ice concentration. The core function of  

Lin_uncor is:  ௉ି௉బ
௉భି௉బ

 

where P0 and P1 are typical polarisation difference in Tbs at near 90 GHz, C is the 
total ice concentration and P is the satellite measured polarisation difference. The 
tie points are the same as ASI_uncor and are shown in Table 6-20. The retrieval 
curves are shown as dashed red lines in the left panel of Figure 610. 

6.3.39 LIN2 

Lin90_cor is a modified version of Lin90_uncor using the same principal and 
different tie points. Instead of using the satellite measured Tbs as input to the ice 
retrieval algorithm, the Tbs are first corrected for weather influence using the 
method described in Chapter 6.3.44. The corrected Tbs are then input to the 
retrieval equation shown as dashed red lines in the right panel of Figure 610. 

6.3.40 Optimal Estimation algorithm 

 

6.4 Algorithm database computer code 

6.4.1 Python code 

import math 
import numpy as np 
import os 
import glob 
import datetime 
 
def asi(tb85v, tb85h): 
    # ASI 
    P0 = 47.0 #The coefficients are checked with Christian Melsheimer (see e-mail from him to Leif Friday, 
May 24, 2013 17:50). Same values are used for N and S. And for AMSR and SSM/I. 
    P1 = 11.7 
    A=np.matrix([[P1**3.0, P1**2.0, P1, 1.0],\ 
                [P0**3.0, P0**2.0, P0, 1.0],\ 
                [3.0*P1**3.0, 2.0*P1**2.0, P1, 0.0],\ 
                [3.0*P0**3.0, 2.0*P0**2.0, P0, 0.0]]) 
    b=np.matrix([1.0, 0.0, -0.14, -1.14]) 
     
    d=A.I * b.T  
    # d[0]=1.64/100000.0 d[1]=-0.0016 d[2]=0.0192 d[3]=0.971 
     
    P = tb85v - tb85h 
    C = d[0] * P**3 + d[1] * P**2 + d[2] * P + d[3] 
     
    return C 
 
def bootstrap_f(tb18v, tb37v, tiepts): 
     
    tw18v = tiepts[6] 
    tw37v = tiepts[0] 
    tfy18v = tiepts[8] 
    tfy37v = tiepts[2] 
    tmy18v = tiepts[7] 
    tmy37v = tiepts[1]   
     
     
    if (tb18v-tw18v)==0: #open water 
        cf=0.0 
    else: 
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        af = (tfy37v - tmy37v)/(tfy18v - tmy18v) 
        bf = (tmy37v - af*tmy18v) 
        qf = (tb37v - tw37v)/(tb18v - tw18v) 
        wf = (tw37v - qf*tw18v) 
        ti18vf = (bf - wf)/(qf - af) 
        cf = (tb18v - tw18v)/(ti18vf - tw18v) 
    return cf 
     
def bootstrap_p(tb37v, tb37h, tiepts): 
    
    tw37h = tiepts[3] 
    tw37v = tiepts[0] 
    tfy37h = tiepts[5] 
    tfy37v = tiepts[2] 
    tmy37h = tiepts[4] 
    tmy37v = tiepts[1] 
     
     
    if (tb37h-tw37h)==0: #open water 
        cp=0.0 
    else: 
        ap   = (tfy37v - tmy37v) / (tfy37h - tmy37h) 
        bp   = (tmy37v - ap * tmy37h) 
        qp   = (tb37v - tw37v) / (tb37h - tw37h) 
        wp   = (tw37v - qp * tw37h) 
        if (qp - ap)==0: 
            cp=-9.98 
        else: 
            ti37hp = (bp - wp) / (qp - ap) 
            ti37vp =  ap * ti37hp + bp 
            if (ti37vp - tw37v)==0: 
                cp=-9.98 
            else: 
                cp = (tb37v - tw37v) / (ti37vp - tw37v) 
    return cp 
 
def bristol(tb18v, tb37v, tb37h, tiepts): 
    #Bristol ice concentration algorithm 
 
    tw18v = tiepts[6] 
    tw37h = tiepts[3] 
    tw37v = tiepts[0] 
    tfy18v = tiepts[8] 
    tfy37h = tiepts[5] 
    tfy37v = tiepts[2] 
    tmy18v = tiepts[7] 
    tmy37h = tiepts[4] 
    tmy37v = tiepts[1] 
     
    xa = tmy37v + (1.045*tmy37h) + (0.525*tmy18v) 
    xd = tfy37v + (1.045*tfy37h) + (0.525*tfy18v) 
    xh = tw37v + (1.045*tw37h) + (0.525*tw18v) 
    xt = tb37v +(1.045*tb37h) + (0.525*tb18v) 
 
    ya = (0.9164*tmy18v) - tmy37v + (0.4965*tmy37h) 
    yd = (0.9164*tfy18v) - tfy37v + (0.4965*tfy37h) 
    yh = (0.9164*tw18v) - tw37v + (0.4965*tw37h) 
    yt = (0.9164*tb18v)- tb37v + (0.4965*tb37h) 
 
    a_ht = (yt - yh)/(xt - xh) 
    b_ht = yh - (a_ht*xh) 
    a_da = (ya - yd)/(xa - xd) 
    b_da = yd - (a_da*xd) 
 
    xi = (b_da - b_ht)/(a_ht - a_da) 
    cf = (xt - xh)/(xi - xh) 
    c = cf 
    return c 
 
def calval(tb37v,tb18v,tiepts): 
 
    tw18v = tiepts[6] 
    tw37v = tiepts[0] 
    tfy18v = tiepts[8] 
    tfy37v = tiepts[2] 
    tmy18v = tiepts[7] 
    tmy37v = tiepts[1] 
     
         
    A=np.matrix([[tw37v, tw18v, 1.0],\ 
                [tfy37v, tfy18v, 1.0],\ 
                [tmy37v, tmy18v, 1.0]]) 
 
    b=np.matrix([0.0, 1.0, 1.0])  
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    d=A.I * b.T 
    C=d[0]*tb37v+d[1]*tb18v+d[2] 
 
    return C    
     
def nasa(tb18v, tb18h, tb37v, tiepts): 
    #NASA-Team ice concetration algorithm 
     
      
    ow18v = tiepts[6] 
    ow18h = tiepts[9] 
    ow37v = tiepts[0] 
    fy18v = tiepts[8] 
    fy18h = tiepts[11] 
    fy37v = tiepts[2] 
    my18v = tiepts[7] 
    my18h = tiepts[10] 
    my37v = tiepts[1] 
 
    a0 = - ow18v + ow18h 
    a1 =   ow18v + ow18h 
    a2 =   my18v - my18h - ow18v + ow18h 
    a3 = - my18v - my18h + ow18v + ow18h 
    a4 =   fy18v - fy18h - ow18v + ow18h 
    a5 = - fy18v - fy18h + ow18v + ow18h 
 
    b0 = - ow37v + ow18v 
    b1 =   ow37v + ow18v 
    b2 =   my37v - my18v - ow37v + ow18v 
    b3 = - my37v - my18v + ow37v + ow18v 
    b4 =   fy37v - fy18v - ow37v + ow18v 
    b5 = - fy37v - fy18v + ow37v + ow18v 
 
    gr = (tb37v - tb18v)/(tb37v + tb18v) 
    pr = (tb18v - tb18h)/(tb18v + tb18h) 
 
    d0 = (-a2*b4) + (a4*b2) 
    d1 = (-a3*b4) + (a5*b2) 
    d2 = (-a2*b5) + (a4*b3) 
    d3 = (-a3*b5) + (a5*b3) 
 
    dd = d0 + d1*pr + d2*gr + d3*pr*gr 
     
    f0 = (a0*b2) - (a2*b0) 
    f1 = (a1*b2) - (a3*b0) 
    f2 = (a0*b3) - (a2*b1) 
    f3 = (a1*b3) - (a3*b1) 
    m0 = (-a0*b4) + (a4*b0) 
    m1 = (-a1*b4) + (a5*b0) 
    m2 = (-a0*b5) + (a4*b1) 
    m3 = (-a1*b5) + (a5*b1) 
 
    cf = (f0 + f1*pr + f2*gr + f3*pr*gr)/dd 
    cm = (m0 + m1*pr + m2*gr + m3*pr*gr)/dd 
 
    cf = cf 
    cm = cm 
    ct = cm + cf 
    return ct, cm 
   
 
def near90(tb85v, tb85h, tiepts): 
    #tmy85v = tiepts[30] 
    tfy85v = tiepts[31] 
    #tmy85h = tiepts[32] 
    tfy85h = tiepts[33] 
    tw85v  = tiepts[34] 
    tw85h  = tiepts[35] 
     
 
    P = tb85v - tb85h 
    P0 = tw85v - tw85h 
    P1 = tfy85v - tfy85h 
     
    A=np.matrix([[P1**3.0, P1**2.0, P1, 1.0],\ 
                [P0**3.0, P0**2.0, P0, 1.0],\ 
                [3.0*P1**3.0, 2.0*P1**2.0, P1, 0.0],\ 
                [3.0*P0**3.0, 2.0*P0**2.0, P0, 0.0]]) 
    b=np.matrix([1.0, 0.0, -0.14, -1.14]) 
     
    d=A.I * b.T  
     
    #d=np.linalg.solve(A,b.T) 
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    C = d[0] * P**3 + d[1] * P**2 + d[2] * P + d[3] 
    return np.float(C) 
 
 
def near90_linear_dyn(tb85v, tb85h, tiepts): 
    tmy85v = tiepts[30] 
    tfy85v = tiepts[31] 
    tmy85h = tiepts[32] 
    tfy85h = tiepts[33] 
    tw85v  = tiepts[34] 
    tw85h  = tiepts[35] 
     
    PFY = tfy85v - tfy85h 
    PMY = tmy85v - tmy85h 
    PW = tw85v - tw85h 
     
    PI = (PFY + PMY)/2 
    P = tb85v - tb85h 
     
    c = (P - PW) / (PI-PW) 
      
    return c 
 
 
def norsex(tb18v,tb37v,sensor_name,lat): 
     
    SAT = 260.0 
    T_sa = 270.0 
    T_a = 250.0 
    To = 272.0 
     
    tau_sa19v = 0.0610 
    tau_sa37v = 0.1000 
    tau_a19v = 0.0440 
    tau_a37v = 0.0700 
    TB_w_19v, TB_w_37v, TB_fy_19v, TB_fy_37v, TB_my_19v, TB_my_37v = norsex_TPs(sensor_name,lat) 
    t_atm_surf=SAT #Initialize atmospheric surface temperature 
     
    for i in range(0,2): 
         
        #interpolate opacity between arctic and subarctic values: 
        tau19v = tau_a19v + (t_atm_surf - T_a) * (tau_sa19v - tau_a19v) / (T_sa - T_a) 
        tau37v = tau_a37v + (t_atm_surf - T_a) * (tau_sa37v - tau_a37v) / (T_sa - T_a) 
          
        #Constants to be used in computing ice concentrations: 
        a11 = TB_fy_19v - TB_w_19v 
        a21 = TB_fy_37v - TB_w_37v 
        a12 = TB_my_19v - TB_w_19v 
        a22 = TB_my_37v - TB_w_37v 
        d_coef = a11 * a22 - a12 * a21 
     
        #find emitted brightness temperature at the surface by correcting for 
        #atmospheric disturbances: 
        TB_surf_19v = (tb18v - t_atm_surf * (2.0 * tau19v - tau19v**2.0 + 0.01)) / (1.0 - 2.0 * tau19v + 
tau19v**2.0 - 0.01) 
        TB_surf_37v = (tb37v - t_atm_surf * (2.0 * tau37v - tau37v**2.0 + 0.01)) / (1.0 - 2.0 * tau37v + 
tau37v**2.0 - 0.01) 
 
        #Find new atmospheric surface brightness temperature and mean surface 
        #emissions by solving for first year and multi-year ice concentrations. 
        c1 = TB_surf_19v - TB_w_19v 
        c2 = TB_surf_37v - TB_w_37v 
        Cmy = (a11 * c2 - a21 * c1) / d_coef 
        Cfy = (a22 * c1 - a12 * c2) / d_coef 
        CT = Cfy + Cmy 
     
        t_atm_surf = To + (SAT - To) * CT 
     
    return CT 
       
def P37(tb37v, tb37h,tiepts): 
    # instead of NRL 
    tw37h = tiepts[3] 
    tw37v = tiepts[0] 
    tfy37h = tiepts[5] 
    tfy37v = tiepts[2] 
    tmy37h = tiepts[4] 
    tmy37v = tiepts[1] 
     
    PFY = tfy37v - tfy37h 
    PMY = tmy37v - tmy37h 
    PW = tw37v - tw37h 
     
    PI = (PFY + PMY)/2 
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    P = tb37v - tb37h 
     
    c = (P - PW) / (PI-PW) 
 
    return c 
 
def onechannel(tb6h, tiepts): 
    #Simple 1 channel algorithm 
     
    fy6h = tiepts[17] 
    my6h = tiepts[16] 
      
    ow6h = 82.3   
    i6h = (fy6h+my6h)/2.0    
 
    ct = (tb6h - ow6h)/(i6h - ow6h) 
    return ct 
     
def osisaf(c0,c1,t): 
     
    wc = (abs(t - c0) + t - c0) / (2.0 * t) 
    c = c1 * (1.0 - wc) + wc * c0 
    if c0 < 0: 
        c = c0 
         
    return c 
 
     
def sicci(c0,c1): 
     
    if c0<0.7: 
        wCF=1.0 
     
    if (c0 >= 0.7 and c0 < 0.9): 
        wCF=1.0-(c0-0.7)/(0.9-0.7) 
         
    if c0 >= 0.9: 
        wCF=0.0 
     
    wBR = 1.0-wCF 
     
    c =  c0 * wCF + c1 * wBR 
         
    return c 
 
def P90(tb85v, tb85h): 
    X=(tb85v-tb85h) 
    P=(X-2.63)/0.752 
     
    d3=1.64/100000.0 
    d2=-0.0016 
    d1=0.0192 
    d0=0.971 
    
    c1 = d3 * P**3.0 + d2 * P**2.0 + d1 * P + d0 
 
    c = c1+(P-8)/700 #to adjust near SIC0 
    if (P>48): 
        c=-0.026 #to prevent large P85 giving ice 
    if (P<8.5): 
        c=1.03 #to prevent low P85 losing ice 
 
    return c 
     
 
def pr(tb18v, tb18h, tb37v, tb37h, tiepts): 
    #Simple polarization ratio algorithm 
      
    ow18v = tiepts[6] 
    ow18h = tiepts[9] 
    ow37v = tiepts[0] 
    ow37h = tiepts[3] 
    fy18v = tiepts[8] 
    fy18h = tiepts[11] 
    fy37v = tiepts[2] 
    fy37h = tiepts[5] 
    my18v = tiepts[7] 
    my18h = tiepts[10] 
    my37v = tiepts[1] 
    my37h = tiepts[4] 
 
    i18v = (fy18v+my18v)/2 
    i18h = (fy18h+my18h)/2 
    i37v = (fy37v+my37v)/2 
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    i37h = (fy37h+my37h)/2   
 
    PR18 = (tb18v - tb18h)/(tb18v + tb18h) 
    PR37 = (tb37v - tb37h)/(tb37v + tb37h) 
 
    c18 =  (ow18v*(1 - PR18) - ow18h*(1 + PR18))/(PR18*(i18v + i18h - ow18v - ow18h) - (i18v - i18h - ow18v 
+ ow18h)) 
    c37 =  (ow37v*(1 - PR37) - ow37h*(1 + PR37))/(PR37*(i37v + i37h - ow37v - ow37h) - (i37v - i37h - ow37v 
+ ow37h)) 
    c_old = (c18 + c37)/2 
    c = c_old/(2-c_old)     
 
    return c, PR18, PR37 
 
def tud(c85, cf): 
    #TUD ice concentration alogorithm 
 
    if ((c85>0) & (cf>10)): 
        c = np.sqrt(cf*c85) 
    else: 
        c = cf 
     
    return c 
 
def P10(tb10v, tb10h, tiepts): 
    #Simple 2 channel algorithm 10 GHz 
     
    tw10h = tiepts[21] 
    tw10v = tiepts[18] 
    tfy10h = tiepts[23] 
    tfy10v = tiepts[20] 
    tmy10h = tiepts[22] 
    tmy10v = tiepts[19] 
     
    PFY = tfy10v - tfy10h 
    PMY = tmy10v - tmy10h 
    PW = tw10v - tw10h 
     
    PI = (PFY + PMY)/2 
    P = tb10v - tb10h 
     
    c = (P - PW) / (PI-PW) 
 
    return c 
     
def P18(tb18v, tb18h,tiepts): 
     
    tw18v = tiepts[6] 
    tw18h = tiepts[9] 
    tfy18v = tiepts[8] 
    tfy18h = tiepts[11] 
    tmy18v = tiepts[7] 
    tmy18h = tiepts[10]  
     
    PFY = tfy18v - tfy18h 
    PMY = tmy18v - tmy18h 
    PW = tw18v - tw18h 
     
    PI = (PFY + PMY)/2 
    P = tb18v - tb18h 
     
    c = (P - PW) / (PI-PW) 
 
    return c 
       
def UMass(tb18v,tb37v,tiepts): 
    #The code is based on C. T. Swift, L. S. Fedor, and R. O. Ramseier, ?An Algorithm  
    #to Measure Sea Ice Concentration With Microwave Radiometers,? Journal of Geophysical  
    #Research, vol. 90, no. C1, pages 1087 - 1099, 1985. 
     
    tw19v = tiepts[6] 
    tw37v = tiepts[0] 
    tfy19v = tiepts[8] 
    tfy37v = tiepts[2] 
    tmy19v = tiepts[7] 
    tmy37v = tiepts[1] 
 
    #solution of the equations (11)-(12) in Swift et al 1985 
    #here we use brightness temperatures instead!! (Rasmus 2012) 
    #e19v=(TB19v-13)./(Ts-12); 
    #e37v=(TB37v-26)./(Ts-26); 
 
    a1 = (tfy19v - tb18v) / (tfy19v - tw19v) 
    a2 = (tfy19v - tmy19v) / (tfy19v - tw19v) 
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    a3 = (tfy37v - tb37v) / (tfy37v - tmy37v) 
    a4 = (tfy37v - tw37v) / (tfy37v - tmy37v) 
    fw = (a1 - a2 * a3) / (1.0 - a2 * a4) 
 
    Cmy = a3 - fw * a4 
    Cfy = 1.0 - fw - Cmy 
    CT = Cmy + Cfy 
    return CT 
 
 
def norsex_TPs(sensor_name,lat): 
    # values produced by Leif, described in PVASR 
    if lat >= 0: 
        # Northern hemisphere: 
        if (sensor_name == 'AMSRE' or sensor_name == 'AMSR2'): 
            TB_w_19v = 170.01 
            TB_w_37v = 193.19 
            TB_fy_19v = 251.17 
            TB_fy_37v = 244.47 
            TB_my_19v = 222.11 
            TB_my_37v = 184.02 
        elif sensor_name == 'SSMI': 
            TB_w_19v = 171.56 
            TB_w_37v = 191.87 
            TB_fy_19v = 251.91 
            TB_fy_37v = 241.53 
            TB_my_19v = 219.20 
            TB_my_37v = 175.93 
        elif sensor_name == 'SMMR': 
            TB_w_19v = 162.61 
            TB_w_37v = 190.80 
            TB_fy_19v = 251.17 
            TB_fy_37v = 244.47 
            TB_my_19v = 222.11 
            TB_my_37v = 184.02 
             
    elif lat < 0: 
        # Southern hemisphere: 
        if (sensor_name == 'AMSRE' or sensor_name == 'AMSR2'): 
            TB_w_19v = 171.86 
            TB_w_37v = 196.65 
            TB_fy_19v = 258.41 
            TB_fy_37v = 252.57 
            TB_my_19v = 244.39 
            TB_my_37v = 219.62 
        elif sensor_name == 'SSMI': 
            TB_w_19v = 171.52 
            TB_w_37v = 192.94 
            TB_fy_19v = 259.93 
            TB_fy_37v = 253.25 
            TB_my_19v = 244.59 
            TB_my_37v = 219.59 
        elif sensor_name == 'SMMR': 
            TB_w_19v = 160.77 
            TB_w_37v = 190.92 
            TB_fy_19v = 258.41 
            TB_fy_37v = 252.57 
            TB_my_19v = 244.39 
            TB_my_37v = 219.62 
             
    return TB_w_19v, TB_w_37v, TB_fy_19v, TB_fy_37v, TB_my_19v, TB_my_37v 
     
 
# TL (14.01.2013) separate algorithms from main function to allow reuse  
#    of the algos by importing the ic_algs.py file from elsewhere 
if __name__ == '__main__':     
    #sensor_name = 'AMSRE' 
    sensor_name = 'AMSR2' 
    filelist = glob.glob(os.path.join('/media/sf_Work/ESA_CCI/RRDP2/ASCAT-vs-AMSRx-vs-ERA-vs-
allfiles_0.93/' + sensor_name + '/*.text')) 
    now = datetime.datetime.now() 
     
    for filename in filelist:  
        #open input RRDP file  
        f1 = open(filename)  
        lines = f1.readlines() 
        f1.close() 
        print filename 
        if sensor_name == 'AMSRE': 
            filename_o = os.path.join('RRDP2_SIC/' + sensor_name + '/' + filename[74:112] + '-SIC-' + 
now.strftime("%Y-%m-%d") + '.txt') 
        if sensor_name == 'AMSR2': 
            filename_o = os.path.join('RRDP2_SIC/' + sensor_name + '/' + filename[74:113] + '-SIC-' + 
now.strftime("%Y-%m-%d") + '.txt') 
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        f2 = open(filename_o, 'wt') 
         
        k=0 
        for line in lines: 
             
            if k > 1: 
                line = line.replace('noval0', '-999') 
                line = line.replace('noval1', '-999') 
                line = line.replace('noval2', '-999') 
                line = line.replace('noval3', '-999') 
                line = line.replace('noval4', '-999') 
                line = line.replace('noval5', '-999') 
                line = line.replace('noval6', '-999') 
                line = line.replace('noval', '-999') 
                line = line.replace('-inf', '-999') 
             
            l = line.strip() 
            #f2.write(l) 
            k=k+1 
            if k == 1: 
                f2.write(l) 
                f2.write('\n') 
                 
            l2 = l.split(',') 
            try: 
                v1 = float(l2[0]) 
            except: 
                 
                if k==2: 
                    f2.write(l) 
                    f2.write('%s\n' % 
(',Near90_lin_dyn,Near90GHz,ASI,P90,P37,Bootstrap_p,P18,Bristol,PR,NASA_Team,NORSEX,Bootstrap_f,CalVal,UMas
s_AES,P10,One_channel,TUD,bf_nt,bf_nt_n90ld,p37_n90ld,p37_n90ld_bf,bf2_n90ld,bf3_n90ld,bf_n90ld,bf_bfn90ld,
osisaf,SICCI')) 
                #else: 
                    #f2.write('\n') 
            else: 
                 
                tb6v = float(l2[37]) 
                tb6h = float(l2[36]) 
                tb10v = float(l2[41]) 
                tb10h = float(l2[40]) 
                tb18v = float(l2[43]) 
                tb18h = float(l2[42]) 
                tb22v = float(l2[45]) 
                tb22h = float(l2[44]) 
                tb37v = float(l2[47]) 
                tb37h = float(l2[46]) 
                tb85v = float(l2[49]) 
                tb85h = float(l2[48])    
 
                if (k==3 and float(l2[0]) >= 0): 
                    print 'Northern hemisphere' 
                if (k==3 and float(l2[0]) < 0): 
                    print 'Southern hemisphere'  
                           
                #tiepts: w37v my37v fy37v w37h my37h fy37h 
                #        w18v my18v fy18v w18h my18h fy18h 
                #        w6v my6v fy6v w6h my6h fy6h 
                #        w10v my10v fy10v w10h my10h fy10h 
                #        w22v my22v fy22v w22h my22h fy22h 
                #        my85v fy85v my85h fy85h w85v w85h 
                 
                if sensor_name == 'AMSRE': 
                    # Northern Hemisphere tie-points: 
                    if float(l2[0]) >= 0:  
                        #print 'Northern hemisphere' 
                        #AMSR: #water from Tiepoints_20130117.xlsx e-mail from Leif Jan 17,20130 at 14:41, 
Ice hard copy 8 Apr, 2013: 2007-2011. MY: 15% lowest 37H months 1-4+10-12. FY: 15% highest 37H months1-
4+10-12 
                        tiepts = [209.81, 196.91, 247.13, 145.29, 184.94, 235.01, 183.72, 226.26, 252.15, 
108.46, 207.78, 237.54, 161.35, 246.04, 251.99, 82.13, 221.19, 232.08, 167.34, 239.61, 251.34, 88.26, 
216.31, 234.01, 196.41, 216.67, 250.87, 128.23, 199.6, 236.72, 187.6, 232.01, 178.9, 222.39, 243.2, 196.94] 
                    elif float(l2[0]) < 0:  
                        #print 'Southern hemisphere' 
                        # Southern Hemisphere tie-points: 
                        #AMSR: #water from Tiepoints_latest_S.xlsx e-mail from Leif Jan 31,2013 at 21:51, 
Ice hard copy 8 Apr, 2013: 2007-2011. MY: 15% lowest 37H months 5-11. FY: 15% highest 37H months 5-11 
                        tiepts = [212.57, 226.51, 253.84, 149.07, 204.66, 239.96, 185.34, 246.1, 258.58, 
110.83, 217.65, 242.8, 159.69, 254.18, 257.04, 80.15, 225.37, 236.52, 166.31, 251.65, 257.23, 86.62, 
221.47, 238.5, 201.53, 240.65, 257.56, 137.19, 213.79, 242.61, 210.22, 242.81, 197.78, 232.4, 247.59, 
207.2] 
                    else: 
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                        print('hemisphere not defined') 
                 
                if sensor_name == 'AMSR2': #.xls files in the e-mail from Leif 16 Oct 2015 21:54:15 CEST, 
Subject: RE: AMSR2 TPs for RRDP2_v0.9 
                    if float(l2[0]) >= 0:  
                        #print 'Northern hemisphere' 
                        tiepts = [215.71, 191.70, 254.91, 152.80, 178.15, 241.86, 190.71, 227.11, 260.96, 
114.08, 204.34, 244.51, 162.68, 250.07, 259.51, 82.76, 224.60, 240.67, 171.29, 245.54, 261.26, 90.29, 
219.95, 244.00, 207.78, 213.99, 260.24, 145.43, 195.45, 246.14, 191.37, 238.09, 180.97, 228.58, 249.23, 
210.55] 
                    elif float(l2[0]) < 0:  
                        #print 'Southern hemisphere' 
                        tiepts = [215.23, 219.68, 251.23, 153.39, 197.66, 232.68, 190.03, 244.08, 260.73, 
114.11, 212.37, 239.19, 161.52, 256.38, 260.58, 83.08, 225.74, 238.20, 170.67, 254.78, 262.38, 91.06, 
223.55, 241.31, 205.70, 236.81, 259.00, 142.84, 208.80, 239.51, 211.59, 241.11, 200.12, 229.20, 246.66, 
207.92] 
                    else: 
                        print('hemisphere not defined') 
                 
                 
                if ((float(l2[4]) == 0.0 and float(l2[1]) != -45.0) or float(l2[4]) == 1.0):  
                 
                    CT_bootstrap_f = bootstrap_f(tb18v, tb37v, tiepts) 
                    CT_bootstrap_p = bootstrap_p(tb37v, tb37h, tiepts) 
                    CT_bristol = bristol(tb18v, tb37v, tb37h, tiepts) 
                    CT_calval = calval(tb37v,tb18v,tiepts) 
                    CT_nasa, CMY = nasa(tb18v, tb18h, tb37v, tiepts) 
                    CT_norsex = norsex(tb18v,tb37v,sensor_name,float(l2[0])) 
                    CT_P37 = P37(tb37v, tb37h,tiepts) 
                    CT_P18 = P18(tb18v, tb18h,tiepts) 
                    CT_pr, PR18, PR37 = pr(tb18v, tb18h, tb37v, tb37h, tiepts) 
                    CT_UMass = UMass(tb18v,tb37v,tiepts) 
                 
                    CT_bf_nt = (CT_bootstrap_f + CT_nasa)/2.0 
                    CT_osisaf = osisaf(CT_bootstrap_f,CT_bristol,0.4) 
                    CT_sicci = sicci(CT_bootstrap_f,CT_bristol) 
                    CT_asi = asi(tb85v, tb85h) 
                    CT_near90 = near90(tb85v, tb85h, tiepts) 
                    CT_near90_linear_dyn = near90_linear_dyn(tb85v, tb85h, tiepts) 
                    CT_P90 = P90(tb85v, tb85h) 
                    CT_tud = tud(CT_near90_linear_dyn, CT_bootstrap_f) 
                 
                    CT_bf_nt_n90ld = (CT_bootstrap_f + CT_nasa + CT_near90_linear_dyn)/3.0 
                    CT_p37_n90ld = (CT_P37 + CT_near90_linear_dyn)/2.0 
                    CT_p37_n90ld_bf = (CT_P37 + CT_near90_linear_dyn + CT_bootstrap_f)/3.0 
                    CT_bf2_n90ld = 
(CT_bootstrap_f+(CT_bootstrap_f**2.0)*CT_near90_linear_dyn)/(1.0+CT_bootstrap_f**2.0) 
                    CT_bf3_n90ld = 
(CT_bootstrap_f+(CT_bootstrap_f**3.0)*CT_near90_linear_dyn)/(1.0+CT_bootstrap_f**3.0) 
                    CT_bf_n90ld = (CT_bootstrap_f+CT_near90_linear_dyn)/2.0 
                    CT_bf_bfn90ld = 
(CT_bootstrap_f+CT_bootstrap_f*CT_near90_linear_dyn)/(1.0+CT_bootstrap_f) 
                    CT_onechannel = onechannel(tb6h, tiepts) 
                    CT_P10 = P10(tb10v, tb10h, tiepts) 
                     
                    if (tb18v < -900 or tb37v < -900 or tb37h < -900 or tb18h < -900 or tb85v < -900 or 
tb85h < -900 or tb6h < -900 or tb10v < -900 or tb10h < -900 or tb6v < -900): 
                        CT_bootstrap_f = -9.99 
                        CT_bootstrap_p = -9.99 
                        CT_bristol = -9.99 
                        CT_calval = -9.99 
                        CT_nasa = -9.99 
                        CT_norsex = -9.99 
                        CT_P37 = -9.99 
                        CT_P18 = -9.99 
                        CT_pr = -9.99 
                        CT_UMass = -9.99 
                 
                        CT_bf_nt = -9.99 
                        CT_osisaf = -9.99 
                        CT_sicci = -9.99 
                        CT_asi = -9.99 
                        CT_near90 = -9.99 
                        CT_near90_linear_dyn = -9.99 
                        CT_P90 = -9.99 
                        CT_tud = -9.99 
                 
                        CT_bf_nt_n90ld = -9.99 
                        CT_p37_n90ld = -9.99 
                        CT_p37_n90ld_bf = -9.99 
                        CT_bf2_n90ld = -9.99 
                        CT_bf3_n90ld = -9.99 
                        CT_bf_n90ld = -9.99 
                        CT_bf_bfn90ld = -9.99 
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                        CT_onechannel = -9.99 
                        CT_P10 = -9.99 
                     
                    f2.write(l) 
                    
f2.write('%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6
f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f%s%1.6f\n' % 
(',',CT_near90_linear_dyn*100,',',CT_near90*100,',', CT_asi*100, ',', CT_P90*100, ',', CT_P37*100, ',', 
CT_bootstrap_p*100, ',', CT_P18*100, ',', CT_bristol*100, ',', CT_pr*100, ',', CT_nasa*100, ',', 
CT_norsex*100, ',', CT_bootstrap_f*100, ',', CT_calval*100, ',', CT_UMass*100, ',', CT_P10*100, ',', 
CT_onechannel*100, ',', CT_tud*100, ',', CT_bf_nt*100, ',', CT_bf_nt_n90ld*100, ',', CT_p37_n90ld*100, ',', 
CT_p37_n90ld_bf*100, ',', CT_bf2_n90ld*100, ',', CT_bf3_n90ld*100, ',', CT_bf_n90ld*100, ',', 
CT_bf_bfn90ld*100, ',', CT_osisaf*100, ',', CT_sicci*100)) 
         
        f2.close()         

         

6.4.2 Additional algorithms in IDL and MatLab 

6.4.2.1 NASA Team2 – corr (MatLab) 

    % load original tie points: tbmcc, tbmow, tbmfy, tbmthin 
    % tbmcc: ice type c (ice having significant surface effects) 
     
    % Brightness temperatures: v19i, h19i, TB22v, TB37v, v85i, h85i 
 
    % RRDP2 tie points: 
    ow_rrdp = [ow18h ow18v ow22v ow37h ow37v ow89h ow89v]; 
    fy_rrdp = [fy18h fy18v fy22v fy37h fy37v fy89h fy89v]; 
    my_rrdp = [my18h my18v my22v my37h my37v my89h my89v]; 
         
    % correct tie points of NT2: 
    ow_corr = tbmow(9,:) - ow_rrdp; 
    fy_corr = tbmfy(2,:) - fy_rrdp; 
    my_corr = tbmcc(2,:) - my_rrdp; 
         
    tbmow = tbmow - repmat(ow_corr,12,1); 
    tbmfy = tbmfy - repmat(fy_corr,12,1); 
    tbmcc = tbmcc - repmat(my_corr,12,1); 
             
     
    % The NT2 algorithm: 
    GR1=(TB37v-v19i)./(TB37v+v19i); 
    GR2=(TB22v-v19i)./(TB22v+v19i); 
  
    n_atm=12; % number of atmospheres (models of atmosphere) 
    %Rotation: 
    phi19=-0.18; % angle in radians between GR-axis and A-B line (FY-MY line) for the PR(19)-GR(37V19V) 
domain, Arctic. 
    phi85=-0.06; % same for the PR(85)-GR(37V19V) 
     
    % Create lookup table (extended SIC range) 
    for ca=-20:150 
        for cb=-20:(150-ca) 
            caf=ca/100; 
            cbf=cb/100; 
            for k=1:n_atm 
                tb19h=(1-caf-cbf)*tbmow(k,1)+caf*tbmfy(k,1)+cbf*tbmcc(k,1); 
                tb19v=(1-caf-cbf)*tbmow(k,2)+caf*tbmfy(k,2)+cbf*tbmcc(k,2); 
                tb37v=(1-caf-cbf)*tbmow(k,5)+caf*tbmfy(k,5)+cbf*tbmcc(k,5); 
                tb85h=(1-caf-cbf)*tbmow(k,6)+caf*tbmfy(k,6)+cbf*tbmcc(k,6); 
                tb85v=(1-caf-cbf)*tbmow(k,7)+caf*tbmfy(k,7)+cbf*tbmcc(k,7); 
  
                tb19ht=(1-caf-cbf)*tbmow(k,1)+caf*tbmfy(k,1)+cbf*tbmthin(k,1); 
                tb19vt=(1-caf-cbf)*tbmow(k,2)+caf*tbmfy(k,2)+cbf*tbmthin(k,2); 
                tb37vt=(1-caf-cbf)*tbmow(k,5)+caf*tbmfy(k,5)+cbf*tbmthin(k,5); 
                tb85ht=(1-caf-cbf)*tbmow(k,6)+caf*tbmfy(k,6)+cbf*tbmthin(k,6); 
                tb85vt=(1-caf-cbf)*tbmow(k,7)+caf*tbmfy(k,7)+cbf*tbmthin(k,7); 
             
                ca_i = ca+21; 
                cb_i = cb+21; 
             
                LUT19(k,ca_i,cb_i)=-((tb37v-tb19v)/(tb37v+tb19v))*sin(phi19)+((tb19v-
tb19h)/(tb19v+tb19h))*cos(phi19); 
                LUT85(k,ca_i,cb_i)=-((tb37v-tb19v)/(tb37v+tb19v))*sin(phi85)+((tb85v-
tb85h)/(tb85v+tb85h))*cos(phi85); 
                LUT19thin(k,ca_i,cb_i)=-((tb37vt-tb19vt)/(tb37vt+tb19vt))*sin(phi19)+((tb19vt-
tb19ht)/(tb19vt+tb19ht))*cos(phi19); 
                LUT85thin(k,ca_i,cb_i)=-((tb37vt-tb19vt)/(tb37vt+tb19vt))*sin(phi85)+((tb85vt-
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tb85ht)/(tb85vt+tb85ht))*cos(phi85); 
                LUTDGR(k,ca_i,cb_i)=(tb85h-tb19h)/(tb85h+tb19h)-(tb85v-tb19v)/(tb85v+tb19v); 
                LUTGR37(k,ca_i,cb_i)=(tb37vt-tb19vt)/(tb37vt+tb19vt); 
            end 
         
        end 
    end 
  
    % calculate ice concentrations 
    % weights: 
    w19=1; 
    w85=1; 
    wgr=1; 
  
    sinphi19=sin(phi19); 
    sinphi85=sin(phi85); 
    cosphi19=cos(phi19); 
    cosphi85=cos(phi85); 
  
    pr19=(v19i-h19i)./(v19i+h19i); 
    pr85=(v85i-h85i)./(v85i+h85i); 
  
    gr8519v=(v85i-v19i)./(v85i+v19i); 
    gr8519h=(h85i-h19i)./(h85i+h19i); 
  
    pr19r=-GR1.*sinphi19 + pr19.*cosphi19; 
    pr85r=-GR1.*sinphi85 + pr85.*cosphi85; 
    dgr=gr8519h-gr8519v;  
  
    icecon = zeros(length(lat),1); 
  
    for x=1:length(lat) 
        % normally weather filter is used here, but here all the algorithms are run without 
        if (v19i(x)>50 && v85i(x)>50) %to reduce amount of data to be processed 
            dmin=10000; 
            for k=1:n_atm 
                imin=5; 
                jmin=5; 
                ca=45; 
                cc=45; 
                while ((imin ~=0) || (jmin ~= 0)) 
                    dmin=10000; 
                    for i=-1:1 
                        for j=-1:1 
                            cai=ca+i; 
                            ccj=cc+j; 
                            if ((cai<=171) && (ccj<=171) && (cai>=1) && (ccj>=1) && ((cai+ccj)>=2) && 
((cai+ccj)<=500)) 
                                if GR1(x) > -0.01 
                                    dpr19=pr19r(x)-LUT19thin(k,cai,ccj); 
                                    dpr85=pr85r(x)-LUT85thin(k,cai,ccj); 
                                    ddgr=GR1(x)-LUTGR37(k,cai,ccj); 
                                else 
                                    dpr19=pr19r(x)-LUT19(k,cai,ccj); 
                                    dpr85=pr85r(x)-LUT85(k,cai,ccj); 
                                    ddgr=dgr(x)-LUTDGR(k,cai,ccj); 
                                end 
                             
                                d=w19*dpr19*dpr19+w85*dpr85*dpr85+wgr*ddgr*ddgr; 
                             
                                if d < dmin 
                                    dmin=d; 
                                    imin=i; 
                                    jmin=j; 
                                end 
                            end 
                        end 
                    end 
                    ca=ca+imin; 
                    cc=cc+jmin; 
                end 
                camina(k)=ca-21; 
                ccmina(k)=cc-21; 
                dmina(k)=dmin; 
            end 
         
            bestk=20; 
            dmin=1000; 
            for k=1:n_atm 
                if dmina(k) < dmin 
                    dmin=dmina(k); 
                    bestk=k; 
                end 
            end 
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            atm_num(x) = bestk; 
            dmin2(x) = dmin; 
            icecon(x)=camina(bestk)+ccmina(bestk); 
        else 
            icecon(x)=-999;    
            atm_num(x) = -999; 
            dmin2(x) = -999; 
        end 
    end 

 

6.4.2.2 VASIA (MatLab) 

    % 1. Calculate the tangents 85-37h, 85-19v and 37-19v: 
    t85_37h = (tb85h - tb37h) ./ (85.5 - 37); 
    t85_19v = (tb85v - tb18v) ./ (85.5 - 19.35); 
    t37_19v = (tb37v - tb18v) ./ (37 - 19.35); 
     
    % 2&3 Criterion function F1 
    %I = 0:0.1:10; original algorithm 
    I = -15:0.1:25; % extended SIC range 
    f85_37h = -0.085.*I + 0.908; 
    f85_19v = -0.086.*I + 0.55; 
  
    for i=1:length(t85_37h) 
         
        %VASIA1: 
        F1 = 0.5.*(((f85_37h - t85_37h(i)).^2) ./ (t85_37h(i)^2) + ((f85_19v - t85_19v(i)).^2) ./ 
(t85_19v(i)^2)); 
        [min_value,min_index] = min(F1); 
        I1 = I(min_index); 
        clear min_value min_index 
     
        %VASIA2: 
        phi85_37h = -0.039.*I + 1.19; 
        phi85_19v = -0.04.*I + 0.7; 
        F2 = 0.5.*(((phi85_37h - t85_37h(i)).^2) ./ (t85_37h(i)^2) + ((phi85_19v - t85_19v(i)).^2) ./ 
(t85_19v(i)^2)); 
        [min_value,min_index] = min(F2); 
        I2 = I(min_index); 
         
        % 5&6 VASIA or VASIA2 
        delta37_19v = -0.187.*I1 + 1.1; 
         
        if delta37_19v < t37_19v(i) 
            I3 = I1; 
        else 
            I3 = I2; 
        end 
         
        vasia1(i) = 100*I1/10; 
        vasia2(i) = 100*I2/10; 
        vasia_combo(i) = 100*I3/10; 
     
    end 

 

6.4.2.3 IDL code for ASI and LIN algorithms 

;********************************************************************** 
FUNCTION range01,img 
; Cut off  CT<0%  and CT>100% 
ind=where(img gt 1.0,count) 
if count ne 0 then img(ind)=1.0 
ind=where(img lt 0.0,count) 
if count ne 0 then img(ind)=0.0 
return,img 
END  ; range01 
;   ice = lin90(polarisation89, p0, p1, /nocutoff) 
;    
p0 = double(p0) 
p1 = double(p1) 
a = [[p1,1],[p0,1]] 
b = [1,0] 
; condition of matrix a; 
;********************************************************************** 
 
FUNCTION lin90, polarisation89, p0, p1, nocutoff=nocutoff 
; #NAME 
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;   lin90 
; #PURPOSE: 
;   retrieve Cis using polarisation difference at 89 GHz. 
; #Keyword: 
;   nocutoff: SIC can be outside the range [0,1] 
; #USAGE: 
cond=COND(a,/DOUBLE) 
; Solving the equation system using Cramer's rule 
solvc=CRAMER(a,b,/DOUBLE) 
; Solving the equation system using the routine lubksb described in section 2.3 of Numerical 
Recipes  
in C: The Art of Scientific Computing (Second Edition) 
LUDC,a,ind 
solvlu=LUSOL(a,ind,b) 
d=solvc 
test = TOTAL(FLOAT(solvc) EQ FLOAT(solvlu)) 
IF test NE 2 THEN BEGIN  
PRINT, 'Function lin90 : An error occured solving the equation system.'  
STOP 
ENDIF 
lin_ct = d[0]*polarisation89 + d[1] 
if keyword_set(nocutoff) then c = lin_ct else begin  
; set sic = 0 where p89>p0  
; set sic = 1 where p89<p1  
pl1=WHERE(polarisation89 LT p1) 
; help,pl1  
if pl1[0] NE -1 then lin_ct[pl1]=1.  
pg0=WHERE(polarisation89 GT p0)  
IF pg0[0] NE -1 THEN lin_ct[pg0]=0.  
; Cut off  CT<0%  and CT>100%  
Error: Reference source not found  
Ref. Error: Reference source not found                     Version  / 13 May 2014  
c=range01(lin_ct) 
endelse 
return,c 
end  ; lin90 
;********************************************************************** 
;********************************************************************** 
;********************************************************************** 
 
 
 
FUNCTION asi_bootstrap, polarization89, p0, p1, bootstrap_ct=bootstrap_ct, thresh=thresh,  
nocutoff=nocutoff 
;+ 
;NAME: 
; asi_bootstrap 
;PURPOSE: 
;This is the core function, the ARTIST Sea Ice algorithm: It 
;translates the given near-90GHz polarisation difference into ice 
;concentration, given the two "tie points", i.e. pol. difference for 
;open water and sea ice, and the bootstrap ice concentration which is 
;used as a kind of weather filter,i.e. ice concentration is considered 
;0 where bootstrap ice concentration is below a threshold value. 
;USAGE: 
;ice = asi_bootstrap(polarization89, p0, p1, bootstrap_ct, thresh) 
;INPUT PARAMETERS: 
;polarisation89: near-90GHz polarisation difference, i.e. TbV - TbH [array] 
;     p0,p1: pol. difference for open water and sea ice, 
;            respectively [float] 
;  bootstrap_ct: Bootstrap ice concentration [array], must be of same 
;            dimensions as polarisation89 
;    thresh: Threshold value for bootstrap: where bootstrap ice 
;    conc. is below the threshold, resulting ice conc. is set to 0. 
;- 
 
; Calculate coefficients (third order polynomial approximation) 
d=svendsen(p0,p1) 
; Total ice concentration CT (Equation (11), Svendsen 87) 
asi_ct=(d[0]*polarization89^3.0+d[1]*polarization89^2.0+d[2]*polarization89+d[3]) 
if keyword_set(nocutoff) then asi_ct = asi_ct else begin  
; help,pl1  
;Set all ice for polarizations <p1 =1 and all >p0 = 0  
pl1=WHERE(polarization89 LT p1) 
if pl1[0] NE -1 then asi_ct[pl1]=1.  
pg0=WHERE(polarization89 GT p0)  
IF pg0[0] NE -1 THEN asi_ct[pg0]=0.  
; Cut off  CT<0%  and CT>100%  
asi_ct=range01(asi_ct) 
endelse 
 
if keyword_set(bootstrap_ct) then begin 
  ; Open water mask from bootstrap algorithm 
  cloudmask=WHERE(bootstrap_ct LT thresh,count) 
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  IF count NE 0 THEN asi_ct(cloudmask)=0 
  ; Bad values 
  indwrong=WHERE(FINITE(bootstrap_ct) NE 1,count) 
  IF count NE 0 THEN asi_ct(indwrong)=!values.f_nan 
endif ;; end if bootstrap_ct set 
 
Error: Reference source not found  
Ref. Error: Reference source not found                     Version  / 13 May 2014  
RETURN,asi_ct 
END                         ;asi_bootstrap 
;********************************************************************* 
;********************************************************************** 
;********************************************************************** 
 
 
 
 
 
 
 
 
 
FUNCTION svendsen,p0,p1 
;+ 
;NAME: 
;svendsen 
; 
;PURPOSE: 
;Svendsen sea ice concentration algorithm: 
;Inversion of the matrix given in: 
; Svendsen, E, Maetzler, C. and Grenfell, T. C, 
; A model for retrieving total sea ice concentration from a 
; spaceborne dual-polarized passive microwave instrument operating 
; near 90 GHz" 
; IJRS,  volume=8,  year=1987,  pages={1479--1487} 
; 
; (Direct solution of the equation system, Lars uses 
; approx_svendsen.pro) 
; 
; To check if the matrix inversion is stable, two IDL methods are used 
; (CRAMER and LUSOL, see documentation of IDL) and the results  compared. 
; 
 
;The resulting coefficients are needed for the ASI 
;algorithm. 
; 
;USAGE: 
;result = svendsen(p0,p1) 
;INPUT: 
; p0, p1: 89 GHz (near-90GHz) polarisation difference for open water and sea ice 
;     respectively 
;OUTPUT: 
;result is a 4-element array containing the 4 coefficients 
; 
;HISTORY: Jan 2004, Gunnar Spreen 
;- 
;f=b/a 
 
f=-1.14 
p0=DOUBLE(p0) 
p1=DOUBLE(p1) 
; equation system 
a=[[p1^3, p1^2, p1, 1],[p0^3,p0^2,p0,1],[3*p1^3,2*p1^2,p1,0],[3*p0^3,2*p0^2,p0,0]] 
b=[1.,0.,1+f,f] 
; condition of matrix a 
cond=COND(a,/DOUBLE) 
; Solving the equation system using Cramer's rule 
solvc=CRAMER(a,b,/DOUBLE) 
; Solving the equation system using the routine lubksb described in section 2.3 of Numerical 
Recipes  
in C: The Art of Scientific Computing (Second Edition) 
LUDC,a,ind 
solvlu=LUSOL(a,ind,b) 
d=solvc 
test = TOTAL(FLOAT(solvc) EQ FLOAT(solvlu)) 
IF test NE 4 THEN BEGIN  
Error: Reference source not found  
Ref. Error: Reference source not found                     Version  / 13 May 2014  
PRINT, 'Function svendsen : An error occured solving the equation system.'  
STOP 
ENDIF 
RETURN,d 
END   ;svendsen 
;*********************************************************************************** 
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6.4.2.4 FORTRAN code for 6GHz alg 

 
      subroutine alg6V(TB6V,TB37V,ws,skt,SIC) 
c 
c     Subroutine to compute SIC from 6V and 37V TBs 
c 
c     Tie points 
      TB6VIce= 255.2 
      TB6VW  = 162.67 
      TB37VW = 215.71 
       
      SIC0 = 1-(TB6VIce-TB6V)/(TB6VIce-TB6VW) 
 
c     Quadratic wind correction 
      TB6Vc = TB6V-(1-SIC0)*(0.0199*ws*ws-0.0039*ws) 
c     Effective temperature for 6V 
      SKT0 = 0.45*skt + 271.46*0.55 
      e6V = TB6Vc/SKT0 
 
c     6V emissivity of ice from TB37V 
      e6VI = 0.9645 
      if(SIC0.gt.0.2) then 
         TB37I = (TB37V-(1-SIC0)*TB37VW)/SIC0 
         e6VI = 0.000244*TB37I + 0.9089 
         e6VI = SIC0*e6VI + (1-SIC0)*0.9645 
      endif 
      SIC = 100-100*(e6VI-e6V)/(e6VI-0.585) 
 
      return 
      end 
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Appendix A The SICCI1 algorithm – Python code 

 

# -*- coding: utf-8 -*- 
#!/usr/bin/python 
import math 
import numpy as np 
import os 
import glob 
import datetime 
 
 
def bootstrap_f(tb18v, tb37v, tiepts): 
    # Bootstrap frequency mode 
 
    tw18v = tiepts[6] 
    tw37v = tiepts[0] 
    tfy18v = tiepts[8] 
    tfy37v = tiepts[2] 
    tmy18v = tiepts[7] 
    tmy37v = tiepts[1]   
     
     
    if (tb18v-tw18v)==0: #open water 
        cf=0.0 
    else: 
 
        af = (tfy37v - tmy37v)/(tfy18v - tmy18v) 
        bf = (tmy37v - af*tmy18v) 
        qf = (tb37v - tw37v)/(tb18v - tw18v) 
        wf = (tw37v - qf*tw18v) 
        ti18vf = (bf - wf)/(qf - af) 
        c_f = (tb18v - tw18v)/(ti18vf - tw18v) 
    return c_f 
     
 
def bristol(tb18v, tb37v, tb37h, tiepts): 
    #Bristol  
 
    tw18v = tiepts[6] 
    tw37h = tiepts[3] 
    tw37v = tiepts[0] 
    tfy18v = tiepts[8] 
    tfy37h = tiepts[5] 
    tfy37v = tiepts[2] 
    tmy18v = tiepts[7] 
    tmy37h = tiepts[4] 
    tmy37v = tiepts[1] 
     
    xa = tmy37v + (1.045*tmy37h) + (0.525*tmy18v) 
    xd = tfy37v + (1.045*tfy37h) + (0.525*tfy18v) 
    xh = tw37v + (1.045*tw37h) + (0.525*tw18v) 
    xt = tb37v +(1.045*tb37h) + (0.525*tb18v) 
 
    ya = (0.9164*tmy18v) - tmy37v + (0.4965*tmy37h) 
    yd = (0.9164*tfy18v) - tfy37v + (0.4965*tfy37h) 
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    yh = (0.9164*tw18v) - tw37v + (0.4965*tw37h) 
    yt = (0.9164*tb18v)- tb37v + (0.4965*tb37h) 
 
    a_ht = (yt - yh)/(xt - xh) 
    b_ht = yh - (a_ht*xh) 
    a_da = (ya - yd)/(xa - xd) 
    b_da = yd - (a_da*xd) 
 
    xi = (b_da - b_ht)/(a_ht - a_da) 
    cf = (xt - xh)/(xi - xh) 
    c_b = cf 
    return c_b 
 
 
     
def sicci(c_f,c_b): 
    if c_f<0.7: 
        wCF=1.0 
    if (c_f >= 0.7 and c_f < 0.9): 
        wCF=1.0-(c_f-0.7)/(0.9-0.7) 
    if c_f >= 0.9: 
        wCF=0.0 
    wBR = 1.0-wCF 
    c = c_f * wCF + c_b * wBR 
    return c 
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Appendix B General structure of SIC RRDP 

The data are stored in text files with 118 columns: 

 

Nr. Variable name Explanation Data 
type 

1 latitude of reference point Float 
2 longitude of reference point Float 
3 time of reference point String 
4 identification  String 
5 SIC Sea Ice Concentration reference Float 
6 latitude of NWP Float 
7 longitude of NWP Float 
8 time of NWP String 
9 reference-id of NWP String 
10 upstreamfile of NWP String 
11 msl mean sea level pressure Float 
12 u10 u component of 10m wind (E-W) Float 
13 v10 v component of 10m wind (N-S) Float 
14 ws 10m wind speed Float 
15 t2m 2m air temperature Float 
16 skt Skin temperature Float 
17 istl1 Ice temperature 1 Float 
18 istl2 Ice temperature 2 Float 
19 istl3 Ice temperature 3 Float 
20 istl4 Ice temperature 4 Float 
21 sst Sea surface temperature Float 
22 d2m 2m dew point temperature Float 
23 tcwv Total columnar water vapour Float 
24 tclw Total columnar cloud liquid water Float 
25 tciw Total columnar cloud ice water Float 
26 ssrd Surface solar radiation downwards Float 

27 strd Surface thermal radiation 
downwards Float 

28 e evaporation Float 
29 tp Total precipitation Float 
30 sf Snowfall Float 
31 fal Albedo Float 

32 ci Ice concentration from ERA 
Interim Float 

33 latitude for AMSR Float 
34 longitude for AMSR Float 
35 time for AMSR String 
36 identification for AMSR String 

37 6.9GHzH 
37-50: Brightness 
Temperatures (K) in the PMW 
channels 

Float 

38 6.9GHzV  Float 
39 7.3GHzH  Float 
40 7.3GHzV  Float 
41 10.7GHzH  Float 
42 10.7GHzV  Float 
43 18.7GHzH  Float 
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44 18.7GHzV  Float 
45 23.8GHzH  Float 
46 23.8GHzV  Float 
47 36.5GHzH  Float 
48 36.5GHzV  Float 
49 89.0GHzH  Float 
50 89.0GHzV  Float 
51 Earth Incidence AMSR Incidence angle Float 
52 Earth Azimuth AMSR azimuth angle Float 
53 scanpos position in AMSR scan Float 
54 upstreamfile AMSR String 
55 timediff between AMSR and reference Float 
56 latitude ASCAT Float 
57 longitude ASCAT Float 
58 time ASCAT String 
59 reference-id ASCAT String 
60 upstreamfile ASCAT file String 

61 sigma_40 ASCAT sigma nought at 40 degree 
incidence angle Float 

62 sigma_40_mask ASCAT sigma-0 masked Float 
63 nb_samples ASCAT number of samples Float 
64 warning ASCATwarning flag Float 
65 std ASCAT standard deviation Float 

66 Near90_lin_dyn 66-114 SIC (%) from the 
algorithms Float 

67 Near90GHz  Float 
68 ASI  Float 
69 P90  Float 
70 P37  Float 
71 Bootstrap_p  Float 
72 P18  Float 
73 Bristol  Float 
74 PR  Float 
75 NASA_Team  Float 
76 NORSEX  Float 
77 Bootstrap_f  Float 
78 CalVal  Float 
79 UMass_AES  Float 
80 P10  Float 
81 One_channel  Float 
82 TUD  Float 
83 bf_nt  Float 
84 bf_nt_n90ld  Float 
85 p37_n90ld  Float 
86 p37_n90ld_bf  Float 
87 bf2_n90ld  Float 
88 bf3_n90ld  Float 
89 bf_n90ld  Float 
90 bf_bfn90ld  Float 
91 osisaf  Float 
92 SICCI  Float 
93 comiso_ucorr  Float 
94 osisaf_ucorr  Float 
95 sicci1_ucorr  Float 
96 sicci2lf_ucorr  Float 
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97 n90lin_ucorr  Float 
98 sicci2hf_ucorr  Float 
99 sicci2vlf1_ucorr  Float 
100 comiso_wRTM  Float 
101 osisaf_wRTM  Float 
102 sicci1_wRTM  Float 
103 sicci2lf_wRTM  Float 
104 n90lin_wRTM  Float 
105 sicci2hf_wRTM  Float 
106 sicci2vlf1_wRTM  Float 
107 VASIA1  Float 
108 VASIA2  Float 
109 VASIA_combo  Float 
110 NT2_nocorr  Float 
111 NT2_corr  Float 
112 alg6GHz  Float 

113 ASI1 113-116: Only available for NH 
(for SH value -999 is used) Float 

114 ASI2  Float 
115 LIN1  Float 
116 LIN2  Float 

117 n_atm_nocorr Atmosphere number in 
NT2_nocorr Float 

118 n_atm_corr Atmosphere number in NT2_corr Float 
 

The file STD_Bias_AMSRX_[last update].txt contains STDs and Biases for all the 
algorithms (ASI1, ASI2, LIN1, LIN2 only for the Northern Hemisphere). All years 
are used to calculate these. For SIC1 only winter months are used: October-May 
in NH and June-November in SH (April-May are excluded because of the large TBs 
spread, which has not yet been understood). 
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< End of Document > 


