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The Elements of Cryosphere: Snow Fields & Glaciers 

Hindu-Kush Himalayas: The 3rd Pole 
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Area: Man ali-Dh un di region , Him ach al Pradesh , In dia  
Elevation: 2000 to 5000 m  
Land-cover: Approx. 30% is  con iferous  vegeta tion  with  bare groun d above th e m ean  tree lin e 
Vegetat ion Characterist ics: Needle-like leaves  & clam ped s tructure with  a verage h eigh t of 
50-60 m . Rem ain s  sn ow-free durin g w in ters  
Observatories: Bah an g (2000 m ), Solan g (2450 m ), an d Dh un di (2900 m ) m ain ta in ed by SASE, 
DRDO, In dia  

Test Si te 

Tall con iferous  trees  (~ 30-50 m  
ta ll) spread acros s  th e Beas r iver 
val ley  below th e m ean  tree lin e 
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PolSAR Data Representat ion: Coherency/Covariance/Kennaugh matrix 
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Coh eren cy m atrix Covarian ce m atrix 

Ken n augh  m atrix 

PolSAR Data Representat ion: Coherency/Covariance/Kennaugh matrix 
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Geometry of PolSAR Data 

Un supervised Class ifica t ion  of PolSAR Data  Us in g a  Scatterin g Sim ilarity Measure Derived from  a  Geodes ic Dis tan ce,  
D. Rath a , A. Bh attach arya  an d  A. C. Frery, IEEE Geoscience and Remote Sensing Letters, vol. 15, no. 1, pp. 151-155, 2018 

Change Detect ion in Polarimetric SAR Images Using a Geodesic Distance Between Scattering Mechanisms,  
D. Ratha, S. De, T. Cel ik  and A. Bhattacharya, IEEE Geoscience and Remote Sensing Letters, vol. 14, no. 7, pp. 1066-1070, 2017 
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1 Sn ow Cover  
Ch an ge An alys is  
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Sn ow Cover Map 



www.mrslab.in  

Mar-Aug 

Sn ow Cover Map 



www.mrslab.in  

Mar-Aug 

Sn ow Cover Map 



www.mrslab.in  

Mar-Aug 

Sn ow Cover Map 



www.mrslab.in  

Mar-Aug 

Sn ow Cover Map 



www.mrslab.in  

Mar-Aug 

Sn ow Cover Map 



www.mrslab.in  

Mar-Aug 

Sn ow Cover Map 



www.mrslab.in  

Mar-Aug 

Sn ow Cover Map 



www.mrslab.in  

Mar-Aug 

Sn ow Cover Map 



www.mrslab.in  

Mar-Aug 

Sn ow Cover Map 



www.mrslab.in  

FP HH-VV 

HH-HV VV-VH 

Snow Cover Map 



www.mrslab.in  

FP HH-VV 

HH-HV VV-VH 

Snow Cover Map 



www.mrslab.in  

FP HH-VV 

HH-HV VV-VH 

Snow Cover Map 



www.mrslab.in  

FP HH-VV 

HH-HV VV-VH 

Snow Cover Map 



www.mrslab.in  

Feb. 2015: Trihedral Similarity Mar. 2015: Trihedral Similarity Aug. 2015: Trihedral Similarity 

Feb. 2015: Helix Similarity Mar. 2015: Helix Similarity Aug. 2015: Helix Similarity 



www.mrslab.in  

Feb. 2015: Trihedral Similarity Mar. 2015: Trihedral Similarity Aug. 2015: Trihedral Similarity 

Feb. 2015: Helix Similarity Mar. 2015: Helix Similarity Aug. 2015: Helix Similarity 



www.mrslab.in  

Feb. 2015: Trihedral Similarity Mar. 2015: Trihedral Similarity Aug. 2015: Trihedral Similarity 

Feb. 2015: Helix Similarity Mar. 2015: Helix Similarity Aug. 2015: Helix Similarity 



www.mrslab.in  

Feb. 2015: Trihedral Similarity Mar. 2015: Trihedral Similarity Aug. 2015: Trihedral Similarity 

Feb. 2015: Helix Similarity Mar. 2015: Helix Similarity Aug. 2015: Helix Similarity 



www.mrslab.in  

Feb. 2015: Trihedral Similarity Mar. 2015: Trihedral Similarity Aug. 2015: Trihedral Similarity 

Feb. 2015: Helix Similarity Mar. 2015: Helix Similarity Aug. 2015: Helix Similarity 



www.mrslab.in  

Feb. 2015: Trihedral Similarity Mar. 2015: Trihedral Similarity Aug. 2015: Trihedral Similarity 

Feb. 2015: Helix Similarity Mar. 2015: Helix Similarity Aug. 2015: Helix Similarity 



www.mrslab.in  

2 Scatterin g 
Mech an ism  
Perspective 
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Bare Ground 
Forest 

𝝉𝟏 Describes the degree of hel ici ty of  the 1st dominant scattering mechanism 
𝝉𝟐 Describes the degree of hel ici ty of  the 2nd dominant scattering mechanism 
𝜶𝒔 The scattering type magni tude  
H  Quant i f ies the randomnessof the scattering mechanism 

Scattering Mechanisms 
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Scattering Mechanisms 

Bare Ground 
Forest 

• Notice th at as  sn ow disappeared over th e 
Bare Ground (BG) th e Helici ty variance an d 
th e Entropy  both  dropped 

 
• Th awin g of Forest (F) resu lted in  increase in  

th e randomness of s ca tterin g from  th ose 
s am ples  

BG: Overlyin g sn ow 

BG: Sn ow free 

F: Th awed 
F: Frozen  
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Scattering Mechanisms 

Bare Ground (BG)  
Sn owpack froze overn igh t Dry 
sn ow volum e en abled pen etra tion  of 
th e in com in g waves . Scatterin g is  
ran dom  due to in teraction  of th e 
wave with  com plex sn ow m atrix 

Forest (F)  
Freezin g of m ois ture in  vegeta tion 
Reduced com plexity of s catterin g. 
Hen ce, low en tropy s catterin g from  
fores ted areas  

Note th e 
absen ce of sn ow 
over th e can opy 
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Scattering Mechanisms 

Scatterin g Mech an ism  Based Sn ow Cover Mappin g Us in g RADARSAT-2 C-Ban d Polarim etric  SAR Data ,  
A. Muh uri, S. Man ickam  an d A. Bh attach arya , IEEE Journal of Selected Topics in Appl ied Earth Observat ions and Remote Sensing,  
vol. 10, n o. 7, pp . 3213-3224,  2017 
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Scattering Mechanisms 

February March May 

February April August 

BG 

F 

RADARSAT-2 

LANDSAT-8 
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3 Polariza tion  
Fraction  

Perspective 
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Eigenvalue spectrum 
conveys information 

about the diversi ty of the 
scattering mechanisms 

Target Scattering Matrix 
Scattering Vector 

Covariance Matrix 

Polarized Fract ion 
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Segmentat ion 

Feb. 2015 Mar. 2015 Aug. 2015 

Feb. 2015 Mar. 2015 Aug. 2015 
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• Frozen  Forest (F) dem on s tra ted subs tan tia lly Polarized Return 
as  com pared to Bare Ground (BG) with  overlyin g sn ow w h ere 
Unpolarized Return was  eviden t with  Randomness in Scattering 
 

• As  sn ow cover disappeared beyon d March  an d Minimum 
Temperature cros sed th e 00C lin e, th e return s  from  BG areas  
were com paratively m ore Polarized th an  th ose belon gin g to th e 
F clas s  

Dhundi  @ 2900 m 
Solang @ 2450 m  
Bahang @ 2000 m  

Bare Ground 
Forest 

Polarizat ion Fract ion Perspect ive 

F: Frozen  

F: Th awed 

BG: Sn ow free 
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Polarizat ion Fract ion Perspect ive 

Proposed f lowchart  

Seasonal response of polarimetric indicators 
Sn ow Cover Mappin g Us in g Polariza tion  Fract ion  Varia t ion  With  Tem pora l RADARSAT-2 C-Ban d Full-Polarim etric  SAR Data  Over th e In dian  Him alayas ,  
A. Muh uri, S. Man ickam  an d A. Bh attach arya , Sn eh m an i, IEEE Journal of Selected Topics in Appl ied Earth Observat ions and Remote Sensing,  
vol. 11, n o. 7, pp . 2192-2209,  2018 
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Polarizat ion Fract ion Perspect ive 

Notice th e dom in an ce of volume 
scattering in  th e m on th  of February  
& March  from  sn ow covered areas  
s ituated above th e m ean  tree lin e 

Notice th e dom in an ce of surface 
scattering in  th e m on th  of February  
& March  from  fores ted areas  s ituated 
below th e m ean  tree lin e 

Surface scattering is  res tored with  
th e dis appearan ce of sn ow cover 
from  th e barren  areas  

Volume scattering begin s  to 
predom in ates  over th e fores ted 
areas  with  th e on set of sum m er 

February March 

May August 
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February March May 

February April August 

BG 

F 

RADARSAT-2 

LANDSAT-8 

Polarizat ion Fract ion Perspect ive 
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4  
Polarim etric  

Ch an n el 
Correla tion  
Perspective 
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Polarimetric Channel Correlat ion Perspect ive 

Target Scattering Matrix 

Scattering Vector 

Covariance Matrix 
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Polarimetric Channel Correlat ion Perspect ive 

𝚫 image is thresholded using the method of Otsu 

Season al Sn ow Cover Ch an ge Detect ion  Over th e In dian  Him alayas  Us in g Polarim etric SAR Im ages ,,  
A. Muh uri, D. Rath a  an d A. Bh attach arya , IEEE Geoscience and Remote Sensing Letters, vol. 14, n o. 12, pp . 2192-2209,  2017 
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February March May 

February April August 

BG 

F 

RADARSAT-2 

LANDSAT-8 

Polarimetric Channel Correlat ion Perspect ive 
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5 
Gen eral 

Polariza tion  Bas is  
+ 

Deep Learn in g 
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Poincaré Sphere Parameters 

Tran s form ation  of th e Stokes vector  to 
an y general polarizat ion basis us in g th e 
Ken n augh            m atrix as : 

Special  Cases: 

Wave Polarization  Bas is  
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Overal l  Methodology 

Colla ted polariza tion  
bas is  tran s form ed 
Stokes  param eters  



www.mrslab.in  

Data Set and Study Area 

Meteorologica l observa tories  a t 
Bah an g (2000m ), Solan g (2450m ) an d 
Dh un di (2900m ) are m ain ta in ed in  th is  
a rea  to record loca l c lim atic  
con dition s .  

• Th e tes t  s ite  is  located in  th e 
Manal i -Dhundi region  of Him ach al 
Pradesh , In dia  

 
• Th e lower elevation s  of th e area  are 

covered with  coniferous forest 
 
• SAR Data:  
• Radarsa t-2 

• 18th  March  2015 (Ascen din g 
6:14am ) 

• Resolu tion : 
• Azim uth : 5.1 m   
• Ran ge: 11.8 m   

• In ciden ce an gle: 46.0o – 47.2o 

 
Optical  Data: 
• Lan dsat  8 

• 23rd March  2015 
• Resolu tion : 30m  
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Results 

Radarsa t 2  Lan dsat-8 FCC 
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Dominant Scattering Type Comparison 

March  2015 Augus t 2015 
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Results 

Referen ce Map 

All  O𝐴 = 88.96%,𝑓1 = 0.92 CIR O𝐴 = 65.02%,𝑓1 = 0.70 

LIN O𝐴 = 64.48%,𝑓1 = 0.69 π/4 O𝐴 = 52.89%,𝑓1 = 0.58 

Sn ow No-Sn ow 
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Results: Snow-Cover Percentage 

All  – 66.48 % Lin – 42.34 % 

Cir  – 43.15 % 𝝅/𝟒 – 36.82 % 

NDSI – 72.12 % 

Sn ow No-Sn ow 
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Classi f ier Comparison 

Classifier 

AE + MLP 

MLP 

SVM (Lin ) 
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Classi f ier Comparison 

Proposed 

OA = 88.96%  
𝑓1 = 0.92 

MLP (n o AE) 

OA = 75.39%  
𝑓1 = 0.81 

SVM (n o AE, Lin ) 

OA = 65.56%  
𝑓1 = 0.71 

Sn ow No-Sn ow 
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Overal l  Results 

Method OA(%) 𝜿 𝒇𝟏 

ALL (proposed) 88.96 0.73 0.92 
CIR 65.02 0.35 0.70 

LIN 64.48 0.34 0.69 

𝜋 4⁄  52.89 0.21 0.58 

MLP ALL (n o-AE) 75.39 0.45 0.81 

SVM ALL (n o-AE) 65.56 0.35 0.71 

Num eric Accuracy Com parison  

Sn ow-Cover Percen t 

NDSI ALL (proposed) 𝐋𝐋𝐋 𝐂𝐋𝐂 𝝅 𝟒⁄  

72.12 66.48 43.15 42.35 36.82 
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 Th e a lgorith m s  are un supervis ed in  n ature. 

 
 Th resh olds  are n ot locally determ in ed & globally im posed. 

 
 Th e in ves tigation  h igh ligh ts  th e m eteorological im pacts  on  th e polarim etric variables . 

 
 Th e pos s ible role of t im e of acquis it ion  on  th e polarim etric an alys is  is  h igh ligh ted. 

 
 Algorith m s  are com patible with  C-ban d PolSAR data .  

 
In troduction  of Deep Learn in g tech n iques  us in g PolSAR data  

Summary & Future Scope 
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Th an k You 
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