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This document describes the theoretical basis ab¢kanprocessing algorithms and the

products that are produced by the ICESatission. It includes descriptions of the parameters
that are provided in each prodast well as ancillary geophysical parameters, which are used in

the derivation of these ICESatproducts.
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524 7XJ,;=<8J7;:X (

"#S%!F'GE!L$22!('D+=!-#+1=+-=$+D.2!'@!8+.18)=@.(+6883 3@+ '*1/178.-:!F"3F8!2.%+=!
=+-)=,%X!=!-#+IC)=C'%+!"@!-#$%!+.=2J1&=.@-0!-#+12+D+2%!'"@!%C.-$.2!.,&!-+*C'=.2!.D+=.58,5!-"!
H+!$,(2)&+&!.=%-$2H+18+@$,$-SDE2MBE&+&0!.%!$%!-#+!.*),-I' @ 1H#EBHD+21&..- !
C="(+%%3$,5!-'1C="&)(+!5=3$&&+&! @$+2&%!" @!884!.,&!%) (#!-#$,5%!.%!EJ, *$(1?(+.,!"' C'5=.C#J!
6+B).2!-'18841*$,)%!-#+!5+'$&; A

?2-#+=[178.-: IF"GE%!&+%(=$H+CHH)(-%! @'=!$(+!%#++-%0!D+58%-$!S(+!.,&!
$,2.,&!L.-+=0!-#+12 --+=I-L"#.D$,5!(2'%*k2.-$' %! L$-#!-#+!'(+.,IF"GEA!" +(#,$(.2! F"GE%!
$,(2)&+!=H$-!.,&!.--$-)&+!(.2()2.-$',%0!('==+(-$', %' @'=!.-*'%CH+=3(IC B4 ,5-#1&+2.J%0!.,&!
(==+(-$",%'@'=!(#.,5+%!$,!-#+1%)=@A$5#%! &) +!-'|-$&.2!1+@ @ +(-%oe!-#+%+!'-#+=1&.-.|. =+!
H+&+&!-1(',D+=-1=.,5+%!$-'1. H%'2)-+1%)=@.(#+$54#%0! L$-#!=+% C+(-I-'1-#+!588

"#$%!&'()*+,-IL$22!.&&=+%%!%.*C2$ 5!-#8@EHFE2&! (+.,0! H)-1,'-I$(+ A'D+=+&!'=!
$,2.,&!L.-+=%0!H+(.)%+!-#+!/1781%06.*C2$,5!%(#+*+1$%!&$@ @+=+,-!@'=!-#+I"CO)I'(+.,
5+,+=.2286.*C2$,5%-="5H+.*%!",2J 0.,&'H+(.)%+!-#+!&+@%$,$,5!(#.=.(-+=$%-$(%0!6+A5A0! L +22!
&+D+2'C+&1%)=@.(+!L.D+%;!.=+!),$B)+!-'-#+'C+,I'(+I/AL$22!$,(2) &+!(". %-.2!' (+.,!
L.-+=%AIG+(.)%+!"@!$,(=+.9%3%,5!%+.9%2'D.=$.-$, 1$,!-#+1%+.!$(+!('DBE#+!H"),&.=J!
H+-L++,I-#+I'C+, 9(+., 1, &I$(+ A'D+=+&!"(+.,!&*.$,%!L.$22!D.=J1%+.%',.22JA!"#$%!F'GE
L$221%#.=+1%"*+!(",%$&+=.-$', B! @+.-)=+%5-#!-#+1%+.!$(+F'GRH=@.(+' @$,&$,5!
25'=$-#*0(,(+=,'!@'="-$&+%!.,&!-#+15+'$&;!., &!-#+!D+5+-.-$' 1. ,&!$,2.,&!L.-+=IF"GE!
6(',(+=,IL$-#IL.D+%$,12.=5+IH'&$+%!'@!$,2.,&!L.-Adt1(, %$&+=1.%!$,C)-1&.-.12+D+2!:!
C#'-',| #+$5#%!@'=!+.(#!'@!-#+!-#=++1%-="5IH+.*0%0!.2' 5!-#+1%.-+22%-+!-=.(c!.2' 5IL$-#!-#+!
=+B)$=+&!,.D%$5.-$',!$,@'=*.-$',A8/,!(+=-.8,!'(+.,!=+5%',%!,+.=12.,&!"=1%+.1$(+0!-#+!L+.c!
H+.*%% JIH+!.2%'IH+!.(-$D+A!/ I-#+%+!(.%+%!-#+!L+.C!H+ *1&.- . 'D+=!-#+!'(+.,1%#") 2& ' H+!
C="(+%%+&!-#+1%.*+!L.J1.%!-#+1%-=", 5IH+.*%Hhi!)-C)-01-#+!C="(+%%$,5!- IH+18&+%(=$H+&!
L$22!C="&)(H"3S:f3'F I6FCC+,&$OF-#H+S5#@!-#+C+,! '(+.,! %)=@.[(+.12+,5-#!
%(.2HH+-L++,IXWI*I6SWW!4/;!, &IXIc*16S140&+-+=*$,+&!HJ!.,.&.C-$D+1%)=@.(+' @%$,&%$,5!
25'=$-#*A1D)-C)-IL$223,(2) &+!+%-$*.-+%!' @ #+$5#-1&$%-=$H)-$',%!6 & +($2$ 5@ Q! -!
L.D+#+$5#01%)=@.(+!%2'C+0!.,&!.CC.=+,- 1=+ @ 2A(-.,(+

8+(-%',l:!IC='D$&+%!., D+=D$+L@!-#H+.,1.2-$*+-=71$%%)+%0

8+(-%',I"1&$%()%%+%!-#+!"(+.,|C="&) (! C.=*+-+=%!-#.- 1=+ % $&+!$,!+.(#!C="&) (-1.%)!
L+221.9%!.,($22.=J!I5+' C#J%3$(.2!C.=*+-+=%0!'"@!$,-+=+%-!-"1%($+,(+) % +=%0! L#$(#! .=+ % +&!$,!-#+!
&+=$D.-$',!'@!-#+%+!/178.C="8) (-%A!

8+(-$',! YIC='D$&+%H#+'=+-$(.2&+%(=$C-$',!' @!-#+!.25'=$-#*%")%+&!$,!-#+!&+=$D.-$',I' @!
-#+!'(+.,1C="&) (-%A!

8+(-$',! TI&+%(=$H+%!-#+1%C+($@P(I$*C2+H W@ BH+!.25'=$-#%!-#.-|.=+|=+2+D.,-1-'|
-#+&+D+2'C*+,-I'@!-#+!C="(+%%3$,5! (BH2) &+&!#+=+! . =+IH'-#1.25'=$-#*$(1&+-.$2%!.,&!
%'"*+1%' @-L.=+!|.=(#$-+(-)=+!&+-.$2%!",|-#=")5#C)-I'C-$*$".-$',!.,&!(*C)-.-$',.212".&$,5A! |

8+(-$',! RC='D$&+%!-#+!C="(+%%$,5!=+B)$=+*+,-%! @'=!&.-.|B).2$-J1*' $-&$,5
(,-="2Al"#+%+=+HIC="D$&+&!-")%+=9BY2$-J!.%%+%%WB@!-#8,&$D$&).Cl=*+-+=0%!" !
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+(H @R -IC='D$&H(=$-+2@'5)-*.-$(  1B).2$-JI(,-='21-1@.($2$-.-+1-$*+2]!
&$%-=$H)-$',I'@!-#+1C="8)(-1-1-4H+=PB)** =1  %-.-$%-$(%!'=I$* 5=HIC='DSE&+&H.!
22'L1)%+=9%!-"1+.%$2J1+D. 2052 G="L0%b+; | L#-+-#+=H+1& - IL)2&IH+)%+@)2!., &' @!
&+B).-+ B).2$-J1@'=1-#+$=1=+%0.:8H%! ++8&+&!-' $&!I$,I-#+B)$(c!.CC='D.2!'=!
&$%.CC='D.2!'@!C='&)(-%!C=$'=!-'"IC)H2$(1&$%-I$H)-$' Al

8+(-$',! XI&+%6(=SH+%!-#+!-+06-$,5!.,&!D.2$&.-$',|C="(+&) =+IHER. 5 +&A

18l
Release Dat@1 Octdoer 2019



ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

1Z4( 19,ITIN(*X=(K*8VP,; <X=(7TXY;,SXIT: X (

"#+IF&D.,(+ &!"C'5=.C#3$(!13.%+=IF2-$*+-+=18J%-+*16 F"3F§;20$%-%!' @'H"-#!3/EEK!
2-$*+-=J1%)H%J%-+*% ! S22 @R2F+!&+&$(.-+&!C2.-@'=*(*C=$%3$,5!-#+1*$%%$',!
=+@+==+&!-'.%!/17RL-#+1/(+0112")&0!.,&!3.,84+$5#8.-+22$-+Al"#+1@'22'L$,5!%)HY%+(-$', %!
&$%()%%!-#+1H.%$(!(,(+C-%!" @#' LIF"3F8IL'=c%!.,&!-#+!3+D+21:1&.- I-#.-IL+!L$22!-)=,1$,-'!
%+.1%)=@.(+!#+35#-Al/-1-#+,1&+% (=$H+%!-#+H.%P$(IC="C+=-$+%!" @!-#+1%+.1%)=@.(+!.,&# L!-#+%
=+2+!-'1C="(+%%3$,5!-#+!/178.-:1&.-. &

F!F
77077 | = 1 nsec

P mean Flat
PlOm /\ P
—— - CE
< :
A A A A A t
mean Slope
F}
=t

meamn

Slope + Rough

Csim

t &
V$5)=+IQN#.=.(-+=$%-$(%!'@!.,!$&+.25"+&!&$%-=$H)-$',I' @!F"3F8!=+-)=,IC#"-",|. ==
-$*+9%!1.9%%)*$,5!.1U.)%%$$/%-=)*+,-1$*C)2%+!=+%C", % &!.!=+@2+(-$D+!%)=@. (+!L*
U.)%%$.,!=")5#,+%%Al/,|5+,+=.249Q).(+1%2'C+!.,&!=")5#,+%%!H'-#IH="&+,!-#+!=+-)= |
&$%-=$H)-$' AIV'=I-#+I'C+,I'(+.,1-#+1%2'C+H+@ @+(-1$%!2$c+2]!,+52$5$H2+! (*C.=+
'@!=")5#,+%%!&)+!-'1%)=@.(+!L.D+%AIF,!1$*C'=-. - |(*C2$(.-$',!1$%!-#.-1%)=@.(+'L.D+
C="'&)(+L.!),  .)%%$.,!%)=@.(H&'-#+$=IH=".&!-=")5#%!.,&!,.=="LIC+.c%A
|
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"#+1C=$*.=JIC)=C'%+!'@!-#+3F8!$,%-=)*+,-I' I-#+1/178.-:  *$%%$',!$%!-"1&+-+(-!
%)=@.#+$5#(#., 5+%AldS-#1=+%C+(-I-'I-#+!'(+.,0!-#+%+!=+C=+%+,-18+.18)=@. (+!4+$5#-!
6884;ABJIL.JI'@!-+(#,$(.21#$%-'=J0!-#+!C=+&+(+%%'=!'"@!/178.-:!F"3F80!-#+BFB!!
$,%-=)*+,- 0)%+&!.12.%+=1.2-F*+-+=1-"1%+ 00) =+1-#+]=, 5+1-'1-#+1%)=@.(+A!K.,5+%! L +=+!
&+-+=*$,+&1@="*I-#+1*+.%0)=+&!-$*+IH+-L++,1-=,%*$%%$',!' @!-#5+2!C) 2%+!.,&! &+-+(-$',!
'‘@!-#1C)2%H @2+(-+&!@="*1-#+1%)=@.(+.,&!=+(+$D+&!HI!-#+!$,%-=) Y IRBRL9H +=!
@"-C=$,-1&$.*+-+=!" I-#+1%)=@ .G )H+!-'TH+.*1%C=+.&%$,5L.%!,*$,. 22 IIXW'*0!., & -#+!
&)=.-$', '@#+!-=.,%*$--+&!C)2%+!L.%!YA %

L$&-#OILS-#1.19%* 2+=1$,-=$,%$(!@"-C=$,-0'/gSWI*I6VEBAISAM=+2]!" 1&+-+(-$,51-#+1=. 5+!

= D+2+&IHJI$, &$D$&). 2! CH- PORH+=$+,(+IL$-#IFG 731%)55+%-% | #+45, %o-=)*+,-1
$*C)2%+1=+%C", %$Y%-=$H)-$1&)+12. =R J1-'1-#+1D.=$.-$' 1$}-=., %6*$-1-$*+0%! @'=1-#+!
CH'-',%!'@!+.(#IC) 2% $22+!,", 9U.)%%S.,ILS-#1%$5 S@$B(.,-19%C+L, +%%A! 1" %-+BR")DJ
C'$,-%IL$22IH+1*+.%)=+&L#+1)-15'$, 51C) 2% HES%o-=$H)-$', |, &!-#+ 06+ IL$221H+IC.=-I' @!-#+!
[178.-:1=.L1&.- 1%-=+ *Al "#+1&$%-=$H)-$','"@(+$D+-$*+UHB0)=@ .0+ @2+(-C8-' % 0
S&IHE (FICH- | #4+$5H0D$22IHH=" &+, +&IHI-#+18$%-=$H)-$', ' @1%)=@. (+1#+$5#-% IL$-#$,
HH@"-C=$,-1.%!8+CH(-+&!$, IVEE)BHS,, 1$&+. 28" +&1U.) %%$.,1&$%-=$H)-$', 11@HCTH) =,
S0+ SEHAE - I=+-)=,  OF*+06ILE22IH+I&S5S-$ VRN D616(*;!1=., 5+ HS, % A
A'L+D+=0#+!'=$5$, .-$',1-$*+1' @L.IGH-" IL$-#$,1.1C) 2%+1$%!),c,'L, O &-#+1),(+=-.$,-J!

$, 4154+ @ @2$54#-'@!.1%6$,52+ICH' - IL$22IH+H+-L++ 191 9RISBTE WY TI(* |@2$5#-!

S+ 18)+HIF00-2J1- 1-#+12 %+=1C) 2%+ L $&-HOILS-#1%6*. 22+=I(,-=$H)-$', %! @="*I"-#+=1+@ @+(-%
LS-#S, |H+1$,%0-2)*+, -AHSYB*+), (+=-.8,-0! (==+%C",&%!-"IH+-L++,IST!. &L:I(FIKIS  I$,!
=.5+A

H+$,5!'D+=I@2'L, AlI?2D+=I-#+'C+ I'(+.,0106#'=- 1% +FF5=+5 -+06 1L $22IH+=+-=$+D+&! .- ISWW!
ANBSWWIC)2%+%!' D+=IXWHI'@1-=.(C;!., & P55 55=+5.-+ %! =+-=$+D+&!)C! 448
ESVOWWWIC)2%+IMEHEE=+9%C",&S$,5!- 1T 1-$*+%1-#+1 -+ U CH+$(1%.*C2+1=.-A,|
('-=.%-01-'14,90) =+ &+B) .- +1&+-+(-$', /' @!2+.80D+=1%+.1$(24-)=, ICH#-' %! * JIH+-.c+,! !
4% O$*) 1= -+1'@! SWICANE+.(#IC) 204 B+=IWAX*; Al

|

1z5( ;L"GH".'(K.HO@#&1'> (

?2D+=1&$%-.,(+%!'@!(*-'1.1@+L!#),&=+&*+-+=%0!-#+1%+.1%) =@ FHGHRHYIIL.D+%!., &!
'(+.,1%L+220!H)-!'D+=1&%$%-.,(+%!" @!*.,J'c*0!-#+!%+.1 9480 !. 2*'%- | @R Z+D+=-#+2+%%0!
%)=@.(+'%2'C+%!.,&!d . D+2+,5-#!),&)2.-$',%!.=+!C=+%+,-0!(.)%+&'HJI'D.=$.-$',%!$,!
7.=-#h%!5=.D$-J! @$HQ&+%+,-+&IHI!-#+!5+'¥&Q!()==+,-%0!.,&!D.=$.-$',%!$,!
~HUCH+=3(IC=+%%)=+!.,&!%+.L.-+=1&+,%$-JA!8.-+22%-+1=.&.=1.2-$*+-+=%#.D+1%#'L,!
=+* =C.H2+1%)((+%%!$,!*+.9%)=$,5!B4)=@.(#+$5#,&!-=.(c$,5!(#.,5+%!$,($=()2.-$',!

&% +.19%+.12+D+2A14' L+D+=0!-#+1* >'=190 .- +22$-+= R $4+-+=060!"?<7if<'%+$&',f].%",!
&',-15'1H+J",&!.H)-IR:j12.-$-)&+0!.,&!-#)%*$%% ! -#+1%) HF =(-$(1%+.%! ., &1%")-#+=,1C.=-%!
'@-H#+18")-#4=12(+., 1# L=+ (=$-$( 21 1-#+152'H.2I'D+=-)=,$,5!($=()2.-$',|.,&!-#+ @ .-+!' @!
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%+.1$(+!$,!-#+1$(+! (D+=+&IF=(-$(!?(AL 78.-:I'D+=I-#+I'C+,!'(+.,IL$22! (' D+=!-#$%!5.C!
H+-L++,]-#+1-+*C+=-+12'L+=P - $-) &+!'(+.,].,&!-#+1%+.1$(+!(D+=+&!=+5$",%!" @!-#+!F=(-$(!
L&IF - =(-$( !

F%!&$%()%%+&!.H'D+0!-#+1&$%-=$H)78 I @#'-',|=+-)=,!-$*+%0!'=1.CC.=+,- #+$5#%
@="*13+D+2!:!q=%%$,6!L$22!H+!&+-+=*$ +&IHJ!-#+!*+,18840!-#+1*+. 1%)=@.(+!%2'C+!.,&!.!
%)=@.(+!=")5#,+%%!L$-#$,!-#+@"-CFS, B #+%+0!-#+1+ @ @+ @) =@.(+!%2'C+!" | -#+!
C#'-'|] #+$5#&$%-=3$H)-$',%!%#)2&IH+!%*.221(*C E+&+1+@ @+(-!'@!=")5#,+%%! &) +!-']
%F@.(+!L.D+YANE+.55=+5.-$',1%(.2+%!.H'D+0!4884!$%!-#+190)*I' @!-#+5+'$& 1#+$5#-!
6@PO+&!P,1-F*+]. &!" |-#+I'=&+=1"@*+-+=%! . *C2$-) & HRAI#S(!'(+.,!-'C'5=.C#JI6E?"0!
=&+l @ (+,-$F+-+=%!-' -4, @ (+,-$F+-+=0%! . *C2$-) &+;1.%%' (BL-$-E 1 +. ,1%)=@.(+!
()==+,-%B%&+%'6*.$,2J!&$)=,.2!-'1%+*$&$)=,. 2! G-E20! L $-#!. *C2$-) &+ % @4 *+-+=%0!

L &1%+.1%)=@.(+!.-*'%C#+=3$(!C=+%%) =685 (#!.%!SW%! @' %!'.!| @$=%-!
.CC='0%$*.-$',01884!(., 'H+!+%-$*.-+&!.%!-#+1*+, I'@!-#+1&$%-=$H)-$',!' @ ! C#+H5#%0!
L$-#3,1.ID+=-$(.2IL$,&'LLH)-I-#+ 14+22$C%'$&!'CC="0$*.-+&(.," $(.2! %+.1%)=@.(+!
#+$5#-16+A5A01 WI* @=1906-$*.-+&I5+'$&;!., &' D+=!-#+!.2' 5!-=.(c!.55=+5.-$",1%(.2+%!-"!
H+1&+($&+&!.%!.H'D+A!
4'L+D+=0!-#+!1%C+($.2!.,&!

R - T T T ] = C$&27'D.=3$,5!,. )=+ @
170 [ C i ] %+.1%)=@.(+'C'th22+,5+%
[ ] L$-#-#+1$,-+=C=+-.-$',|.,&!
168 | 1 .55=+5.-$'I'@!*+.,$,5@)2!
g 16.6 _ _‘884!@2'*!/178.-:!C#'-',!
= Tl ] #+$5#%A1/-1$%!)%+@)2!-'1')-2$, +!
16.4 [ 1 -#+%+!$%%)+%!#+=+0!c++C$,5!3,!
B ¥ L e 5-min Estimates 1 *$,&1-#.-1-#+1* 5 $-)&+!'@!
182 | % —— Model Fit 1 #+1%%-19%")5#-1. @-+=!
16.0 I . . . . e (*C',+,-%!'@!-#+!884!%%5,.20!
s 14 16 18 20 a2 (#, 5+%I$IE?". &K+
April 2012 Day ?840':+|%$5,$@$(,-2J|%*22+:|

Figure 2.Geodetic heightneasured with a geodetic grad dual ~ ~#-!"%-I'@! -#+!'"-#+=]
frequency GPS with PPP processinig drifting ice camp near the (*C',+,-%!@!884A!

North Poleplotted with arad hocmodel of ocean tides and longer "$8 +060!1+&$)=+B)+.(J!
variations assumed due to the geoid and DOT variatidresgeoid 1#. 54%1$.11$=()2.-$' 1..&!

variations over the 60 km drift are estimated to 60 cm, tides 10 C )
peak to peak, and DOT only a few cm. M,B’CD78.-.!L$22!

(*C2+-+!' +I'=HS$-I'@!-#+!
+.=-#1$, 1L H)-ISATI#)=%A!"#+=+C+.-IC+=$'&!$%!),8&+=1&$% () %%$',|H)-1#.%!*.$,2J1%+--2+&!" !

\SI&.J%AII'=+I$*C'=-.,-2J01, J'@!- #+!¥%-I$*C'=-.,-|.=+.%]. &!-$*+%!-'I'(+.,'5=.CH+=%
=HC=' - THA$,51%-'=*J1., &!'D+=(.%- Al"#)%0!$-1$%! 2$C+2J1-#.-1/178.-IL$22!" 2J15+-15"&!
%)=@.(+!=+-)=,%!$, @=+B)+,-2]'D+=I| REFFC'=-. -1=+5$' %!'@!-#+'C+,!'(+., Al"$&+%! ., &!

“+&$)*-1HS5H q@=+B)+II(#.,5+%!$,1($=()2.-$',IL$22!%+=$)%2J!.2$.%!$,-1%62'L2J1%.*C2+&!
=+5%$',%01*.c$,5!.55=+5.-$'1$,-'1D.2$&12" D+=*1*+., %I&$@@$()2-AlIF-1%*+1C'$,-1$,1/178.-:!
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'(+.,1C="(+%%$,5!-#$%!L$221#.D+!-'1H+!.&&=+%%+&A!"#$%!(.,|H+!&', +!HI =+ @+=+,($,5!-#+!
C#'-'! #+$5#9%'1-#+1884!1C=+&P(-+&!HI!.I*'&+21%0) (#!.%!-#+1?2(+.,I'&+2!'@!1$=()2.-$',.,&!
"$&+%!6711";1.9%1)%+&!@'=!&+.2$.%%$,5!5=.D$-J!&.-.| @="*1-#+U=.D$-J'IK+('D+=J!.,&!12F*.-+!
70C+=$*+,-16UKF17;Al7%%+,-$.22J0!-#+IC=+&$(-+&!-$&.2!.,&!($=()2.-$",!(,-=$H)-$',%!-'1884!
=HY%)H-=. (-+&!@="*1+.(#!/178.-: H#+$5#H%+=D.-$' 0!-#+!=+%3$&).2!$%!.D+= 58 . &!
%$*$2.=2DH=.5+&!*'&+21=+%)2-1$%!.&&+&!H.(C!$,A!?,2J!-#+1+=="=1F -#+1*'&+2+&!=+%C',%+!$%!
28.%+&A!"#$%!C="(+&)=+1* JIH+H+J',&!-#+1%('C+'@!3+D+2!"1&.-.0'H)- | -#H%d * &+2!
()2&!H+)%+&!-"1*=+!, =="L2J!. &!.(()=.-+2J18&+@$,+!-#+ICH#-',| #+$5#H. &!-#.-| ++&+&!
SIHH(L,%$&+=+&13,1%+2+(-$,5!-=)+!'(+.,1%)=@.(+!C#'-',|=+-)3,%A

"HHU+'SEOIZ ==L $ 5I-#+1d$. &L, I<#'- IK+-)=%0L.&!1+.%)=$.5! [+ IE?"Q 1V178.-:!
CH#-'| H+$5HILS221H+1#+ D$2JI$, @2)+, (+&IHI-#+ 5 HERMTEH @ 1-#$%! @' =!-#+F=(-$(!
20+, + 7' =< 2 H1IBVSE AL 106# LY (., 5+061$, 18841 %6%6' ($.-+&I L $-#I5+ $& 1#+$54#-!
D.=$.-$',%!'@!.H)-ISI(*IC+=Ic*' @#'=$" -. 21&$%- ., (HSD+,1-#+1C'-+;$.22J1C - (#J!.,&!
+*C'=.2201%C. =%+ (#.=.(-+="' @!/178.-:V'(+.,|1=+-)=,%0!-#+!D.=$.-$', %!$, |-#+5+$&! @="1.!
5+'$&1* &+216+A5A0! 7TULWWIG I$*C="D+*+,-1-#+=+' )%$,51U?17!. &IUKF171&.-. ;!
0o#)2&IH+1+0-=.(-+&! @="*I-#+IH BoBBHE.- 1-'1.22'L1*+..$, 5@)2!%C.-$.2F+., %!'@!884!-'
H+1* &+ Al"H+106C -$.21=49%'2)-$' ' @!-#+%+15+'$&! (==+$BI$*C'=-.,-1$%%)+. @ @+-$,5
#+106% 22+4=1E7"]. &!8841%$5,.206

8)=@.(+F-*"%CH#+=3(1<=+%%)=+!. &!-#+!/,.D+=%+!G.="*+-+=ITI@ @ +4T5,!%)=@.(+!
~HUCH+=3(IC=+%%)=+!.19%04$*+196(.2+%!&$=+(-2J!(.)%+!.,!$,D+=%+!&+@2+(-$',"' @'!884A!F%!
L$-#1-$&+%0!'(+.,1($=D.-$',! (#.,5+%0!.,&!-#+15+'$&0#+ % +!&$=+(-IC=+%%)=+!&$%-)=H.,(+%! .-!
H+1-$*+ &IC2.(H'@!+.(#1/178.-:\CH#'-' |=+-=3$+D.21%#") 2&H+!+%-$*.-+&!.,&!=+*'D+&! @="*!
+%-$*.-+&!1884H+@'=+!.55=45.-$',I-'1.D'$&!%C.-$.2!.,&!-+*C'=.21.2$.%3$,5A!"#$%! L $22!=+B) $=+!
H=$,5%$,5!.-*%C#+=$(I=+.,.2]%3$%!C="&) (-%!'=1&$=+(-!18F<!'H%+=D.-$',%!$,-"1-#+!C="(+%%$,5!
%-=+.*Alk,'L2+&5+'@!-#+12$c+2J!$,D+=-+&!H.="*+-+=1+@ @+(-!L$22!.2%"#+2C!$,!,.=="L$,5!-#+!
=,5H'@!=+-)=,IC#-',! #+$5#%!.,&!-#)%!$&+,-3@JI$,5!C#'-',%!=+-)=,3,5!@="*1-#+1%+.1%)=@.(+A

121 ( JA"(7IL&H#B.'H"(&)(N.T"% (

ATATKN.T"%(.'>(,")-"HB."H" |
8)=@.(+!d.D+I+@2+(-.,(+#.--+=$,50!.,&!-#+!8+.18-.-+!G$.%R}!+OC+(-1%)=@.(+!L.D+%!-"!
#.D+&™*S$,. - l+@@+(-%!",!-#¥178.-: 1=+-)=,%!@="*I-#+!I'C+,I'(+., A

K+@2+(-..(+QE@.(+!L.D+%!. &IL$, &% CH-RH.I(=$-$(.21+@@+(-"", | =+@RAH+,"$+ V0! +-!
2R HY&H 1H(1)FS\DNIB, &S (.-+=+@2+(-., (+1$%!5$ DB, I HJ
!

, Inl- 1/ 10169 I, 106 | ;1,1 ! ! 651
!
L#t+=+] 1$%!-#+1-"- 2IH.(C%(.--+=!"=I=+G+@2+(-.,@
- 1$%!-#+1@=.(-$'," @ "¢+ (D+=+&!HJ!@' *16)C!-'1?] Sn@'=IL$,&%!.H'D+!.H)-1X1*{%;0
, 19%!-#+=+@2+(-.,(+'@!®@".*0
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ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

,13%!=+@2+(- QOHI-1%C+()2.= 1=+ @2+(-$',| @="*1-#+L BYB#+,+&1%)=@.(0!.,&!
, 118%!-#+!.CC.=+,-1=+@2+(-., (+1&)+!-'1285#-1-#.-IC+,+-=.-+%.,&!(*+%6!H.(c!) C!-#=")5#!-#+!
%)=@.(+!., JLH#+=+$-1$%!,"- 1=+ @2+(-+&!&'L L.=&!HJ1%)=@.(+' @' *A

, 1$%!(,%$&+=+&!&$@ @)%+

10° , TR T 3.*H+=-%.,! %(.--+=$,5!$,&+C&+,-!'@!
At Zero Nadir R $,($&+,(+1.,52-+AIF%IL+IL)&!+OC+(;0!
- Reozomems  C | SUMSSH2UIGHCH& LIS (38+,(+. 52+
;"‘7’1 R~0.10at 10 m/s .,&!$%!-#+!&I*$,.,'!@':*!'@!
i - H.(c%(.--+=A}1$%!3.*H+=-$.,H)-!$-1$%!
g doe o Lambertian - )1%).22J1%*.220!. H)MAWWXT *$®)* Al
g ;f;ﬁiiggffm [+,7$+%!+-1.201*' &+2!-#+I=+@2+(-.,(+!
% ' 'L$,5!-1 L&D, Al'#+I* S IC.=-1$%)!
= $,D+=%+!=+2 -$' IH+-L+;+ 1 &!-#+!
D.=$.,(+!$,1%)=@.(+1%2'C4g&f!p 0: qO!
= &)+!-'1L$,&!5+,+=.-+&!%)=@.(+!L.D+%A!

30 40

NADIR ANGLE (deg.) | "#+J!)%+!'!:+2"$"!H+'L++’!L$’&!
V$5):+!‘A!K+@2+(-.,(+!_%!*'&+2+&'#$%&#'! %C++&040!.,&!p0 q!HJ!d) -/ 0!
#(1)*4S\\bm1.%!1@),(-$',' @'L$,&1%C++&!.,&!  S\X: MH.%+&11=+96)2-%'@!1'0!,&!
,.&$=1.,52+A ),c! 1456!)$7!"/$8 OIS\TYe![® q!5'+%!

)CL%!-#+12'5'@!L$,&!1% C++&A!"#+1*'&+2!
=+%0)2-%!.=+!5$D+,!$,\VIH#+=+3F,-#+1%-=" 51&+C+,&H',!,.&$=!.,52+!$%!.CC.=+,-Al
"#+1+O(+C-$',15%! .- 1#S5#ILP, &% C++&%! L#+=+!-#+IH.(c%(.--+=1@="*1@".*|%-.=-%!-'IH+("*+!
$*C'=-.,-0!@2.--+,$,5!-#+11()=D+%! @'&B$=!.,52+%!5=+.-+=|-#. I "W][AH+=E+00) 25 |
["#3%&# #()HS\oo# L 15" &!.5=++*+ -IH+-L++,-#+1¥&+2] &I&.-.!|@="I-#+! 3$&.=!/9

Table 1
d.-+=! K+@2+(-..(+( d-r=!
1.%+ E+%(=$C-9, 3 rH1=-8, OlU=ts) KE@2+(.(+O0!
] - T 3.H+=-$.,0V/K!
Swi 1,$(.2!18(.,012'LIL$,& ! WA:b !
SWH 1,$(.2!18(.,0*+&$)*IL$,& | WAS: [

SW( 1',$(.2!8(.,0'#$5#1L$,& ! WAWX !
! ! ! !
I'&+2+&K+@2+(-.,(+!@'=Ir+="1Z &$="F 52+ @="*1V$5) 24#$P0&# #()HB\\bm!V$5)=+!5
d.-+=IK+@2+(-. (+!

SW! d$,&!In! YI*{%o! WA:T !
SWH d$,&In!R*f%! WA'W !
QN AR LInIQN/1*foA WA |

%C.(+!"+(#,'2'5J17TOC+=$*+,-163/"7;! Yott)--2+12$&.=1*$%%$',I' @ !8+C-+*H+ =AY
*&+2+&!I=+@2+(-.,(+1+%%+,-$.22J!. 5=++ W) +%! @ '='=+@ 2 + (Y& ! $; 1+ & +%6$5,!
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ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

C+=@'=*.,(+1%-)&J'@'=!FFB!6".H2+!S;Al4'L+D+=01*'%-1$*C'=-. - IL$-#!=+% C+(-!-'I-#$%!
F'GEO#+1&+C+,&+,(+'@!%+.1%)=@.(+'&$=+(-$',.2!=+@2+(-.,(+",!%)=@.(+'L$,&!%-=+%%!
%)55+%-%!.1*+-#'&!@'=18&+=$D$,5!%)=@.(+L$, & % CHHRI@I*+.%)=+*+,-%!'@!%+.!
%)=@.(+'H.(c%(.--1ACS,5!%' 2+2JIL$-#!/178.-1"H%+=D.-$',%0!L+!(.,!(",(+$D.H2J!
+00-$* -+ 23l @="*1=+@2+(-.,(+AIF%! L +!&$% () % %! H+2'L!-#$% !+ Ao $* IHH @) Y0+ &L $-#
8d40!+%-$*.-+&! @="*1-#+ID.=$.,(+!' @!-#+!|C#- #+$5#8$%-=$H)-$',%0Q!2()2 .- +!-#+!8+.!
8-.-+1G$.%!$,!/178.-:1884F+.%)=+*+,-%A

ATATAN.T"%(.>(  +".(+B.B"(K$.%((

18+.1%-.-+1H$6!$%!.1(=$-$(.2!$% %W BAH++,1@"),&!-'1=+2 -WI-#+1 *C2$-)&+!'@!L.D+%%& !
-IL$,&!@'=($,5AI"#+188GIC="H2+*I1$%! @), &.*+,-.2!.,&!#.%!=+(+$D+&!(',%$&+=.H2+! .--+,-$',!
L$-#1=+9%C+(-!-'1=.&.=1.2-$*+-F 9 5/:)&*; 1#(1)*-0: WWEH)'=)>1#(1)*+0! S\ YA /*C='D+&!
'==+(-$',%!@'=!88G!$,!-#+!1"?<7i.2-$*+-+=%#.D+IH++,|&+D+2A THFRE@ #>"#(1)*0!: WWh
=+2.-$,5!88G!-'IL$,&!%C+H%E0!.,&!%$5,$@$(.,-IL.D+!#+$5#-168d40!-#+!-=959=+%-!
#+35#-1'@!-#+1#S5H#+%-1-#$=&!'@""(+.,!L.D+%;!*+.0)$-#&H+!=.&.=1.2-$*+-+=Al8-) & $+%!
)%3$,5!H'-#12.%+=!.,&!=.&.21$,%-=)*+,-%! @9,&!.!| @ .$=!&+5=++I"@! ("**',|2HI>53#(!)*-O!
'WW@WR)$7#7?)>81#()*0:WWk!s=H.,!.,&!18(#)-" | 1>@)$)$7!0B:/(%!: WWI*C.=+!
1178.- R+=$D+&!884!L$-#!"?<7if<'%+$&','884!. . &!@$,&!.!,+5.-$D+ISW!(*!H$.%!$,!/178.-!
=+2.-$D+!-'I-#+H1&. =1 2-$*+-+=0% Al"#+I1$, &P (.- +!-#.-1-#+1HSP.%!$%!),c,'L,0!H)--#.-1$-1* JIH+!
=+2.-+&!$,!C.=-1-"1%+.1%-.-+0!

040[" Total number of o parts 11,786 .,8;-#:-; ';—:f_' 5_|i$"\;'0!/-1;¢.'-!-#++! vl
ean anemomefter heig m . = = - -+= == -
5 H e @'=188G1)%S$,5! .:‘lé Py .(L$_#.
Mean water temperature (C) 2668 [/~ \\ = —=m—m---- Gaussion ) . T o )
Mean estimated fefch (m) 2100 \ © Measured frequency distribution 8d4Als, @':-)’_-+2JO! .18d4!
0.301 \\ Skewness 0.168 ) Kurtosis 0.010 C.= *+-+=1_.9%! '-!C:'D$&+&!
Gaussian x2=240.701 (p<<0.001) 1
0.25 JULY RECORDS \  Gram-Charlier x?=19.603 (p=0.021) L$-#1-#+1/178.-1U3F8!&.-.0!.!
%ott'=-(*$,5IL+!(.,,"!
0208 =+C+.-IL$-#!/178.-:A
0.15[ "#+1/178.-IF"GE!&'()*+,-!
* &+-#+1.9%%)*C-$',|-#.-!
o1or %+.1%)=@ #HB5HY6! .=+
. U.)%%$.,'1&$%-=$H)-+&0!%"I-#.-!
/ . L$-#1.1U.)%%$.,!
03555 =25 20 715 10 05 m 05 10 15 20 2%5\‘3.5 35 -=.,%%$%%$',!C)2%+0!-#+!

A i I =+@2+(-+&!C)2%+!=+(+$D+&!HJ!
VE5)=+IYAI"JCH(.2IU#. =258 $%-=$H)-$',!%+.19%)=@.(- /178.-!(")2&!H+!.%%0)*+&-"!
#+$5#-1$,1.IL.D+!+,D$="*+,-Al"#+1C'%$-$D+1%cC+L,+%%!. H+U.)%%$.,!.2%'Al/,!@.(-0!-#+
+O(+%%!C)=-'"%%$%!6U.)%%$.,!1%cC+L,+%%!.,&!+O(+%%!c '(+.,1%)=@.(+!$%!,'-!
W;1$%!&)+!-'1-=),(.-$',L-12'LI#+$5#-%!.,&!.12', 51-. $21-1#$5#] U.)%%S.,!.,&!-#$5%!.@ @+(-%0!-#+!
#+$5#-%AIVSSENATES ?)$ IS\RTMA =+@R$, @!+$-#+=1=.&.=I'=!

2$5H@="*1-#+1%)= @K #+!
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ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

&3%-=$H)-$', @1%)=@.(+#+$5#-1$, QAIB=+&!'(+., 16VSSAIFIb!-ICH(.22J!5$D+,1HJ1-#+!
U=* Q#.=2$+=18$%-=BHKS,%*., 01S\RTMAIV'=1-#$%0 - #+1-#$=8&. &I @")=-#I*"*+ -%!' @!-#+!
&$%-=$H)-$', | +OC=+%%+8&!.%!%C+L, +%% ! . &ESE+OLGYHY%6!C)=-'"%$%!n!C) =T'U$9
$C'=-.,-1,8&0 $,83(-+12),(-$' ! @!-#+18&$%-=H)-$',|.-12' LH+S5HI6ILS-#1.12' 51-. $21 - 1#$5#!
H+SSHYISY0!=+@ 2+(-%!-#-+1%#.C+'@1%) =@ (+!L.D+%A

1,15+,+=.2019%)=@.(+L.D+%!#.D+-='(#$&.21%#.C+OIL$-#!,.=='L01%-++C%$&+&!IC+.c%!.,&!
=+2.$D2JIH="&!@2.-1-=")SHMEB AIR"#$%!. CC2$+%!C.=-$()2.=2J1-'1-#-QUBH2+ 5-#!
L.D+%!C="0$*.22J!@'=(+&HIIL$,&A!
<H#'-' %1%-=$C$,5!-#+!)CC+=!

Ab vavef
e N scaleatot7peak  C=-$.96I @ H#+%0+IL.D+.=+12406%!
2%c+2J!-'IH+I=+-)=,+&!-'1/178.-:!

steepness Limit of to wavelength.

F - P cde A HICHZ9600%-=508 5l +12'L =)
| C'=-$.,%!'@!L.D%)=@.(+%e!C+.c%!

V$5)=+HTAI"="(#'$&.21%#.C+ ' @1%)=@.(+IL.D+%! -1-#F +!),&+=%.*C2+&I=+2.-$D+!-'
'@ 1%-++C,+96%0!L.D+2+,5-#1+B).21-106+D+,1-$*+ 0ol ) 5#%0!1=+%)2-$ 518, 1.1%+.1%-.-+IH$.%!
"H#+106#. =C2JIC+.CH&I-='(#'$&. 21%#.C+I$%! (**1-'1 22688G 13, 1+%0-5* -+%!' @!884!H.%+&!" !
%)=@.(+IL.D+%!2' 5+=1-#.,1(.C$22.=JIL.D+y{# D+H#+ 1+, '@, [/178.-:1C#-' |
IS, DA=-+&1-="(#'$8. 210#. C+AIF-1-#+106-++C, +0606! 24  $5#&E%-=$H)-§' I'=01$, |-#+1(.%+!

L.D+%!H+5$,1-'1H=+.CAI6V$5)=+@="] '@!/178.-0!*+.,l. ==3D.2!-$*+'@!.!
#--CQIf#IC+=CHI%$(AUACH] =+-)=,1C)2%HA
9-=A5%)A+&)f#H.%+fL.D+%fL.-L.D:A#;¥2 A'L+D+=01(** 2J1-#+1%+ |

%)=@.(+!'$%!(*C'%+&!""@!%L+22!.,&L$,&!L.D+%AIBL+22!$%!-#+!*. @ 42638, 9
L.D+2+,5-#IL.D+%!-#.-l=+F )=+ | &I@'=(+&!+2%+L#+=+All"#+!2DB-#%E+12' 5!
+,")5#!-#.-13,1%C$-+'@!%$5,3@B(.,-|.*C2$-) &+0!-#+!%2'C+%! . =+&le# 22! .D+%! . =82 .=!
L&IL+22E+C=+%+,-+&!HJ!1%$,+!L.D+%A!"#+IL$,&!L.D+%0!@'=(+&!HJ12'(.2IL$,&0! . =+1%#'=-+=!
6&'L,!-1(.C$22.=JIL.D+2+,5-#%.,& 1%-++E-L$-#!-="(#'$&.2!%#.C+A!/ - #+!+O-=+*+0!L#+,!

H+J =+ (HL#+12$*$-!' @1%-++C, MRS+ D! -#+IIH=+.Cl., &! @'=*IL#$-+! (. CHY! %) (& +%+!
L.D+%!(.,! HI!-#+380#.C+@ @+(-1%+.1%-.-+H$.%!$,! . 2-$*+-=J1=+-) = F4BtHE$=+(-| H$ 4
%*.22H+(.)%+!-#+$=1.*C2$- o= +%*.22Al4'L+D+=0!%+D+=.21%-)&$+%!$,(2)&$,5!" +'&',+'@"'=!
H#+1&+D+2'C*+,-I'@!-#$%!F'"GEQ!%)55+%--#+!(#.=.(-+=!"@!-#+1%#'=-1L.D+%!D.=$+%! L $-#!
C'%$-$,!",|-#+12.=5+=12%,+.=IL.D+%!.,&!-#)%(',-=$H)-+!-'12.=5+188GA

d+!#.D+HIC+=@'=*+&!.1%-)&J!'@!-#++@ @51 @+%"",!%# =-IL.D+%!.,&!-#+$=!
$*C2%$(.-$',%!@'=!/178H%+.1%-.-+H$.%A!d+!#.D+1%") 5#-1.1*' &+21%+.1%)=@.(+!%)$-.H2+! @'=!
&=$D$,5!-#+1ZF8FIUBV1L! ) *+=$(.2!F"3F8!1%%$*)2.-Ad$-#!-#$%h+! L$22!H+!.H2 #+0%0-1-#+]
C+=@'=*.,(+'F"3F8!'D+=!-#+I'"C+,I'(+.,1.,&!+ D.2).-+1%)(#!-#$,5%!.%!-#+!%+.1%-.-+!H$.%!$,!
*+., 19%+.19%0)=@.(+#+$5#-1*+.%)=+*+ -0 Al"#+=+] =+]-L'1+2+*+ -%!-'1"N =1 =-$ @ $($.2!%+.!
%)=@.(+Al"#+! @$=%-1$%!.1=+.2$%-$(I1=+C=+% #+BH@I} @.(+!%2'C+&)+!-'IL.D+%!
L$-#IL.D+2+,5-#%!5=+.-+=I-#. -#8MF! @"-C=$,'!@!.,!F"3F8!2.%+=!C)288$%!(.C-)=+%!
-#+IH)2c! @!-#+!+,+=5J!$,|-#+IL. D+ @ GHEFH!-#+!L.D+%!.=+12' 501.128$,+.=1*'&+2!'@!-#+*!
(.,"H+)%+&AH+!1%+(",&!("*C',+,-1$%!.1*+.9%)=+!'@!-#+!&$%-=$H)-$',!' @!%)=@.(+!%2'C+%!&) +!
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ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

1 #+IL DH%ILS-#ILD+2+ 5-#9%12+%6% ! -#HSM6+=1C) 2%+ @"-CBIF"SFSA!"#+!
8$%-=$H)-$',I' @'%)=@.(+1%2'C+%60!%H#$@-+& HII-#+1$,%-. -., +)%!%2'C+'@!-#+12' 5IL.D+!
(*C' +,-18&+-+=*$ +061-#+IC="H.H$2$-J!' @'F"3F8! @$,&$,5!.196C+()2.=1=+-)=, 1=+%)2-$,5! @="*.]
C#-'l 2.9%+=1C)286:+'LS,51-#$%!.%1.1@),(-$, ' @!%)= @H(-B5#,&1%62'C+I&)+1-'1-#+12' 59
L.D+IL$22!.22'L1)%!-'IC=+&$(-188G!S$, I-#+1/178 -:1*+ %) =+*+,-DoA

d+1#.D+l-.c+,L.&D. - 5+H'@L.! (&+1%$%)2.-$,512' 5 A.D+1%)=@.(#+$5#H.%+&",1.12' 5 9
L.D+10%C+(-=)1&+B2'C+&IHIIE' +2.,1+-1. 2AI6S\DT; - ¥ &+21-#+12' 5IL.D+!(*C', +,-' @!
N=IF"3F8!'(+.,1%)=@.(+*'&+216F?8I:A |

03-Jul-2007 07:57:00, U = 10.52 m/s, Small Array, fmax = 2.5 Hz, d = 0.2 m, k is mean wavenumber, fmax = 2.5 Hz

High Pass MSS1 Std of High Pass MSS1
20 0.045 20|
0.06
_ 0.04 _
o> >
) 0.035 g w0 0.05
[ [
8 0.03 g 0.04
0 n 0
4 0.025 g
g g 0.03
= . 0.02 % -10}- 0.02
c c
S 0.015 S
‘ : 20 0.01
-2 - 0 1 2 0.01 -2 - 0 2
Long-Wave Height (m) Long-Wave Height (m)

MSS1: Max = 0.046, Mean = 0.021, Tot = 0.029

V$5)=+IRA!I3ei@#=-1L.D+!188!.%!.!@),(-$',"'@!2',5 L.D+#+$5#-1.,&1%2'C+A KSGH#-!
-#+1%-.,&.=&!&+D$.-$',' @'%#ED+!118!.%!.!@),(-$',!' @!-#+!%.*+!D.=$.H2+%A

N=r$,1( #.22+,54.%!H++,1&+-+=*$,$,5!-#+1*+1%B).=+1%2'(GH88;!
=+C=+%+,-$,5!%#£D+!=")5#,+%%!.,&!$-%!&+C+,&+,(+!',12', FL.D+1#+$5#k,&1%2'C+Ald+!
#.&-#)5#-1-#.-IL.D+IL$=+"=1%"*+I"-#+=1- JCH'@! @$+2&!"H%+=D.-$', L") 2&#.D+H++,!

o 2IN&)=1-124, %-1=4.8$201.D.$2 . H2+!-"1&+-+=*$, +1-#$%!=+2.-$', Y% #$CO!IH)-1%)=C=$%$,52J L +!
@"),&!,"1%)(#! .,.2J%3%!$,!-#+125-+=.-)5%AY.&!L+#.D+!.,.2I"+&!'=$5%,.2!&.-. | @="*1@")=9
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ISWTMO!$, ILAS(#!-#+1%C.($,5! @!-#+1&.-.13%!), $@'=*]., &!-#+!+ +=5]I' @!-#+1=+-)=,1$%)

*+.90)=+&!.,&!$%!-#+1*+-=F(IL+$5#-$,5!-#+1%.*C2+&!%)=@.(+1#+$5#-All/ - #.-1.CC2$(.-$',0!+. (#!

=.&.=10)2%kt1%!C'L+=@)2!.,&!-#+!=.,5+!. & @"-C=$,-1%$"+!L+=+1%*.22!%'l-#.-1+D+=J1C) 2%+!

=+-)=,+&1.1%)=@.(+1#+$5#-Al"#+1+,+=5]1=+-)= +&IL$-#!+.(#!C) 2%+!.,&!$-%! (==+8-#F', IL

#+$5#-1()2&IH+!+OC+(-+&!185=+5.-+1$,-'I-#+188G!'D+=!-#+1*)(#12.=5+=1@"-C=%,-I' @!

%.-+22+!=.&.=1.2-$*+-+EA
"#$%!$%!--.22J1-=)+I$, I-#+1(.%+!'@!-#+1C) 2% +&!CHA),-$,5!.2-$*+-+=1%) (#!.%!

IFG73!'=l/178.-.e!-#+!=+-)= 1= -+I'@!-#+#+$5#-1%.*C2+%!$%!,'-1),$@'=*!.,&!-#+!.D+=.5+1%+.!

%)=@.(+'#+$5#-1$%!&+=FD+&! @="*I-#+#$%-'5=*I' @ | CH- YA+ S5+ ('==+2.-F',|H+-L++,!
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HH= ' @1%)=@.(+=+-)=,%!.,&1%)=@.(+#+$5#-1$%!" 2J!" +I'@!%+D+=.2!(*C',+,-%!$, |-#+!
#$%-'5=*1%cC+L,+%%A!?-#+=!(",-=$H)-'=%!-"1%cC+L,+%%!$,(2) &+!-#+!-=)+1&$%-=$H)-$',!-"!
%)=@.(+#+$5#-1.,&1%)H%)=@.(+!=+-)=, %Al 4 #D+&™* $,.,-1%)=@.(+!L.D+%ICS$(.22&.D+!

2' 5IL.D+2+,5-#%,&! .=+ +.=27128,+.=1%'-#+J!(.,IH+!.CC="0%$* .- +&!.%!%3$, +!L. DetBaAl!
-#$%!$,1*$,&0IL++OC+=F*+,-+&!L$-#! @$--$,5!*) AHCR2HLD Wb '1-#+1= LI#$% =J!I' @!
),+D+,2J1%C.(+&!C#'-'! %)=@.(+'#+3548H(.2()2.-$,5 -#+!(==+2.-$"'@H%+=D+&!=.-+I'@!
%)=@.(+!'=+-)=,%!L$-#!-#+1%$,+!|L.DHIPEREL! ., +%-$*.- +H@BB8G!)%3$,5!+B).-$', I XA
4'L+D+=0!$,!-+%-$ 5!-#+1*+-#'&!" IU=++,2. &8+ NIFG73!&.-.!.,&IF$=H'=,+!"'C'5=.C#$(!
|.CC+=16F"I;I'D+=!-#+!<.($@$(0!L@"),&!-#+*+-#&!L.%!%+,%$-$D+!-'| @$,&$,5!-#+!('==+(-!
L.D+,)*H+=%!@'=!-#+1%C+(-=.21&+("*C'%$-$',!' @!-#+!'(+.,1%)=@.(+AIF*'=+1="H)%-*+-#'&!
$%!-'1.D+=5+IH"-#1-#+1= LIC#- | #+$5#-%! @="*1-#+1%)=@.(+! @$,&$,5!%-+C!.,&!-#+!=.-+I'@!
C#'-'1=+-)=,%!$,1+D+,2J1%G+'H$,%!'@!.2',5!-=.(C!&$%-., (+Al"#+!('D.=$.,(+' @!-#+%+!H++,!
D+=.5+%!$%!-#+,)%+&!-'1+D.2).-+1+B).-$' | X! @'=!-#+1%+.1%-.-+|HS. % Al"#$% ! *+-#'&!$% ! +.% $+=!1-']
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)+, &L((),-%! @' ==+ @41+ +=501$, -+ L DH @$+28&I-#., 18 +% | -#+1#.=* $(!
QA

IFG731&.-.|@=""1-#+U=++2.,&18+.1$,IFC=$3) OWS:1$22)%-=.-+#41-CC2$(.-$',I' @!
+B).-$',IXAV, 1-#$%!+0 . *C2+0134*12+ 5-#!' @IFG 731-=.(C!$%!H="c+,!$,-|" T*1%+5*+, %Al
7.(# T%+5%+ -1$%1&SDS&+E!S,- I WBHSMB!-=. (CIHS, %Al (+1%)=@.(+' @$,&$,5!%42+(-%
H+19%)=@ICH'-' -+ $5#-Y0-#+ %+ =+1+&$-+&IL$-#1-L'IC. %%+ 98V @ =&!&+D$.-$',!
+8&$-'=0!.,&1&+-=+ &+&ILS-#1.2' 51-=.(C!&$%-., 4!

"= I @ICH - 1=4-)=, %1$%! (FC)-+&I@="*-#+1.2' B=.(Cl=+('=& @!%.*C2+!
$,-+=D.2%AI"#+=+('=&)' @!%.*C2+$,-+=D.2%!$%!5$ D+, |HJ-#HEI@ @IS % $D+!
%)=@.(+IC#-,12' 5 9=.(C! 2'(.-$',.% AIV'=1-#+IFG731& - 1%#' L, 1#+=+01-#+1% *C2+1%C.($,5%
D.=J1%$5,$@$(.,-2J1H)-EB#1.12$--2+'D+=!" + 15 +-+=Al"1 285, 1-#+1& - Ol-#+1%6)=@. (+#+$54-!
L &1% *C2HIC'%$-$', | =+, -+=C'2.-+&I-"1-#+] (+,-+=!' @!-#+1% . *C2+!$,-+=D.21HJI(**C)-$,5!-#+

Aggrergate SSB Determination for three 3-km MABEL Greenland Sea Segements 4/25/2012

2 T T T T T T T T

Height (m)

-2 Photon Heightinh Green = ) T -
Edited and Detrended Height in Magenta .

Bin Fitted Height in Black

Aggregate SSB=-0.00028774 m : .

- Aggregate Slopebias= 0.0001 232rad . . L SR 1

Aggregate SNR= 0.23691 . - ’

" Aggregate Raw Sig Wave Height =0. 85571 m

Aggregate Blnflt Sig Wave Helght =0. 73272 m

-4 1 1 1
3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
Along Track Distance (m) |

V$5)=+ISMB)=@.(+=+-)=, #+$5#-06!$,15=++ | @="*IFG 73!-=.,%$-I'D+=!-#+!
U=++,2.,&18+.1D+=9%)%!&$%-.,(+1.2',51-=.(CAI"HIAS5* 1+ &$-+&!. &I&+-=+ &+
H+S5#-06! =+1C2'--+&1$,15=++,1. & SWM$,|.D+=.5+%!. =+IC2'--+&!$,IH2.(CAI"#
H$,!.D+=.5+%!.,&!.1C=$'=$!88G!+%-$*L-4841 (*C)-+&!$, I-H#=++" WWH!
%o+5*+,-%].,&! 55=+5.-+&!-'1J$+2&I88GMAWWW \I*A!

@
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D+=5+'@!C.$=%!"@!%)((+%%$D+!%.*C2+#+$5#-%!.,&!C'%3-$' Al"#+!=+%)2-$,5!=+('=&%!" @!%.*C
= -+l =44 1L (09)2.-+&1$,ISW F1.2' 51-=.(C!HS$,%!.,&!.D+=5+&Al"#+!H$,!.D+=.5+&!%.*C2+!
$,-+=D.2%!.=+!-#+,1$,D+=-+&!-"1J$+2&!-#+!H$,!. D+=.5+&!%.*C2+!=.-+Al/ -+=C'2.-$,51#+$5#-1-'|
-+ (+,-+=I'@!-#+1%.*C2+!$,-+=D.2!.,&!83+=.5%$,5!%.*C2+!$,-+=D.2IH+ @ '=+! B[B+H'$&%!
LLCC.=+,-1$,(=+.%+!$,!.D+=.5+1%.*C2+!=.-+!$,.&>.(+,-1%.*C2+!$,-+=D!2%A!

"#+IHS$,!.D+=.5+&!%.*C2+!=.-+%! ., &I#+$5#-%! . =+!-#+,1)%+&!-'| ("*C)-+!-#+1#+$5#-1=.-+]
('D.=$.,(+!.,&!-#+1.D+=.5+1%.*C2+!=.-+%!)%+&!$,lib!-"1&+-+=*$,+188 G A!

"HHI - &1$% 1 SPB-= .-+ & ISV EE)=+I SB-#IFG 73 1&.-.! 5.-#+=+&!FC=$2!:TO:WS:!

'D+=l-#+U=++,2,,&!8+IB55=+5.-+&!'D+=!-#=++" WSV +=D.2%@+!('==+2.-$',!' @ !C#'-',!
=+-)=, 1=+ &I#+$5#-18%!D+=J12'L!",\.D+=.5+0!.,&%%}2-%!$,!.1%+.1%-.-+!HS.% MEIWA"
=+9%0)2-1-# 9%!,'-1%)=C=%$%$,5!58D+,!-#+12'L1+,+=5]I"@!-#+1%)=@.(+'L.D+%!L$-#!.1%%5,$ @ $(.,-!
L.D+#+$5#6Y!0!8-&!" @ #+35@ 1R+%%!-#.,.1*+-¥@'=I-#+]= LIC#'-' | |=+-)=,%!. ,&! -#+H$9
.D+=.5+&!#+$5#20
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[Z4(  ;FOX(;89*X(F,;=<8J+ (
[Z5( L™(GH"( +1#). H'( ?"$S@ARJI5R:[* H

"#HIF"3S: IC='&) (I(,-.$,%1%+.1%)=@. (#+ $5H%0! D+=I-#+ @ =++!'(+.,%!@'=!+.(H'Q!"!
F"3F81%-=',5!H+.*06Al- IC="D$&Ib#+1*%o-1H.%$(1&.-.| @="*1/178.9Q!-#+%+ %) =@ . (- $5#-

-#+1B).2%$-J!' @!-#+1%) =@ $5#+%-$* .-+ &!-"1$,-+=C=+-1,,&!.55=+5 .- +|-#+1+06-$* .- +%!
'D+=I5=+.-+=1&$%- ., (A¥F+ %+ $5#%6! (., IH+1)%+&!$,1("*C.=$%' %! @!/1 7! & .- IL$-#!
“H#+=I5+'8&+-$(1&.-.!.,&!.%!$,C)-%!-"1#$5#+R+D+2!/17R!C="&)(-%0!C.=-$()2.=2J'F"3A

4+$5#%!"'D+=1-#+1%+.1%)=@.(+! .=+ &+ @ P(+&! @&t 5*+,- M $-#ID.=$.H2+!2+ 54
D.=$.H2+!$,-+=D _2%@!-#+!5="),&!-=.(ce!-#$%!$%(+%%.3J1.&.C-I-'I-#+! =+&)(+&!C#"-',!
(),-%!@="1-#+12'L! H)-ID.=$.H2=¥ @2+(-.,(Q!-#+!'C+,I'(+., 1%)=@.(#HR%"'1$%!(',%$%-+,-!
L$-#1%)=@.(+'@9%,&3$,5'=")-$,+)%+&! @'=1%+.!1$(+!('D+=+&!"(+.,!6F"SWKTTH A !$,$-$.2!
&.-.'F"3F8!5+-%!" I-#+!I'=&+=""@"",+1%)=@.(+!=+@2+(-+&!C#'-",|C+=12.%+=IC) 2% +!'=IWAX!*I'@!
-=.(COI%SWWICH#'-',|=+-8+D.2%!3,!-#+1.&.C-$D+!%)=@.(+!&+-+(-$',|. 25'EJ2&! 1=+%) 2-1$,!
%+5*+,-12+ 5-#%!'"@!.H")- I XWAIUSD +,!-#+ I @"-C=$,-!'@!-#+!/178.-:.1H+.*%0!-#$%!$%!
+B)$D.2+,-1-'V1$,&+C+,&+,-6,', 9D+=2.CCS$,5%C-$.2!%.*C2+%!'@!-#+!%+.1%M@.(+

1,1@)-)=+!&+D+2'C*+;%0465#9@,!*.=53,.2!$(+V',+%!'=1(".%-.2N,+%!* JIH+ |
&+@%,+&! @#H'=-+8).=F.H2+12+,5-#1%+5*+,-9%!1%.*C2+&!.-'D.=$.H2+!$,-+=D.2%!.2',5!-#+!
5="),&!-=.(c -'1.&.C-I-'I-#+! C.-(#+%!' @!L.-+=!H+-L++,1%+.1$(+!$,-#+1 @$=%-!$,%+,&H!'=!
2.,&!1$,1-#+1%+(",&!P0o-.,(+ A#+%+D+=2.C!=+5%' U+H-#'%o+!-#.-1.=+1(2.%%$ &) . %l'-#!%+.!
S+, &V (+., 16*.=53,.21$(+N,+;I'=12,,&!.,&!'(+.,! 6(".%-.2!N,+Al"#+1*+-#'& %!I'@!
&$%-$,5)$%#$,5!'CH.,| @="*1%+.1$(+!.,&!2.,&!.,&!%+--$,51-#+!'(+.,1%+5*+ -12+,5-#% 5, !
-#+%+1*$O4&+5%', %E+!"GEA

1,1C)=+2J!'(+.,!=+5%$",%0!"",2J1%-="5!H+.* %!L$22!H+!.(-$D+0!H)-!1$,!-#+!* =53,.21$(+!
N+ &I(W%-.2IN+ I'D+=2.Cl1=+5%' %0!-#+!-#=++IL+.c!H+.* %! LFAMH+!.(-$D+!.,&!%#") 2&!
H+IC="(+%%+&!$&+,-$(.22!-'1-#+1%-=" 5IH+.*%!.,&!")-C)-I$, | &&$'I-#+1%-=", 5 1H+ *!
=+9%)2-%!.%!C.=-I'@!-#+IF"3!S:I'(+.,!|C="&) (#%006!$%!-"1 @.($23-.-+!.|1=.-$',.21*+=5$ 5!I'@!-#+!
'C+,I'(+.,1C="&)(-%!6F"3S:;!.,&!1%+.1$(+!C="&)(-%!6F"3WX;!.,&!('.%-.2!C='&) (-%!6 F"3ww;!
=+2.-+&!-"1%+.1%)=@.(+'#+$5#-A

4'L+D+=0#+!C=+%+,(@+.,! %)=@.(+'L.DB4#+!I'C+,!I'(+.,!@.=!@="*1*.=53%,.2!
S+ +1,&!1(1.%-.2!1=+5%",%0C=+%+,-!(#.22+,5+%!.,&!.,I'CC'=-),$-JAI"#+!  9J.)%%$.,!
#=(-+="@"(+.,)%)=@.(+'L.D+%&! -#+!%(.--+=3$,5!.,&!+@@+(-$D+'=+@2+(-.,(+I'@!-#+!/178.-:!
C#'-',% 12$c+2J)%+!.1,+5.-$D+1%+.1%-.-+IH$.%!68886;,-$($C.-+!-#.- -#+#$5#+=!'=&+=!
*r+ 00l @!-#+ ICH'-,] #+$5#%-.-$%-H(BR2!.22'L)%!-'IH+--+=!+%-$*.-+188GAld+!L$22!
+%-$*.-+@'=!+.(#!F"3S:!D.=$.H2+1%+5*+$ $*)*|-#+1*+, 01%-.,&.=&!&+D$.-$',0!
%cC+L,+%%!.,&)=-"%%$%" @!-#+$5#&$%-=FH)-$' Al"#+%+@")=1*"*+,-%!(.,IH+H &+-+=*F +&!
@="*1-#+1*+%!.,&!%-.,&.=&!&+D$.-$',%!"@!.*C ' ,+,-1U.)%%S$.,!*$O-)=+0!L#S(#!L$22!
2%'IC='D$&+!.1*$03$,5!=.-$' @'=!-#+!-L"|(*C',+,-%A!"#+% +1#$5#+=I*"*+ -t +13$-!
C'%%SH2+!-"I(#(=+=$"+!"-1' 2JI-#+! *+. 196+.19%)=@.(+'#+$5#-0!H)-1.2%'-#+1%+.1%-.-+!.,&!
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2$C+2J1%+.1%-.-+1HS. %6 1B BB#%-$* -+Al

A'L+D+=01$-1$94+%%.=J1-'1.(()*)2.-+12.=5+] J*H+=I' @!%)=@.(+!=+@2+(-+&!ICH#-' %!-']
* CHF4 $ 5@)2!4%-$*.~+0%!' @ -H+HSEH+=1¥%+ 04! @ W+ S5H8S%-=SH)-SUSD+, I-#+12'L!
VFHA=I'@1=+-)=, %! @="*'C+,IL.-+=16+A5A0!?ISIC#'-' IflC)2%+830!, %6 $&+=$,5!-#.-I'(+.,!
L.D+%!(.,1#.D+IL.D+2+,5-#%!' @'#),&=+8&% @ *+-+=9%60!-"15+-1*+_$ 5@)2!%-.-$%-$(%!'D+=""C+,!
L.-+=IL$-#1%$5,$@$(.,-IL.D+!.(-SDSHRIS=9h(()*)2.-$,5!&.-.I' D+=1%+D+=.21c$2"*+-+=04!
"HH] - CHA=$(1(2) 8! @2.5865. +/0H$ 1S, IF"3W :1$%!)%+&!$, IC.=-1$, 196-+--$, SI-H+1'(+.,!
0o+5%+ =12+ 5-#1=+B)$=+&I-'L (HS+D+1.1*$ $*)*1 J*H+=I"@IC#'-' %Al/-1. &' H+=!
5+'CHI%S$(.21&.-.1%) (#!.%!-#+IH.(C5="), &ICH#, I=.-+H1@="*IF"3W\|., &I-#+15+'$&! =+
=+C'=-+&H+D+=JIYWWI!CRT4Y4Y =!I SYI5+'GHEI6A! L' %+B)+,-2I0+=1-#+1'C+,!'(+.,01L+!
L$2219%++cl.1*$,$)ICH-",1(),-I' @ bOWWWICH-' %I+B)$D.2+,-1-'1.H')-! TARK'=! :bWI:WO
15+ H$,%!@'=I*+.,$,5@) 21H$5H#+=!'=&+$%-$(%oA!

|

XTKIK?"$S@AB"@I"B(F.4.I"B"#%  (
[25Z5Z5P"&-&H.B$S&'RI$I" (

B2 (S IS0 H R 12'(-$ I @1&+%S$5,.-+&I%$5,. 21CH-' %) %+&!.%ISIN %) =@ . (+!
@$,835,51C="(+&IBH+-$+1$%!I-#5 ., -$*+' @1&+%6$5,.-+&1%$5, 21CH ' %1)%+&1.%!$,C)-1-
H#+1%)=@.(+1@3$,&$,5!C="(+&)=+A

[Z5Z5Z(?"$@AB

"HEYHI$06IH]  HHSEH-149%-$F -+ @="*HH106)=@ . (+1&+-+(-$', 1. 25'=$-#*AIP).2$-I1*+-=$(%!
$,(2)&+AL', @$&+,(+12+D+21$, | HYE @ . [+ $54#+%-$* .-+1H.%o+&1" 1-#+] ) *H+=" @ICH#-',%0!
H+IH.(C5="),81,'$%+!=.+01., &I-#+]., . 2]%$%! @="I-#+1&+-+(-$',|. 25'=$-#+A

[Z5Z5Z(+1Q%1#).H'D6H.BB"#$' @ (H&##"HB$&'%

8)H%)=@.0(.--+=3,5!('==+(-$',%E+!J+-I-"TH+ &+-+=*$ +&AI"#+J!.=+I+OC+(-+&!-"TH+!
*$,$%.21@'=1-#+1&++CI'C+,!'"(+., IL#+=+!-#+IL .-+=1$%§2=01H)-1* JIH+1%$5,$@$(.,-'$,!,+.=!
(.%-.2!=+53%" %! L#+=+1*"=+19%(.--+=$,5!+2+*+ -%! =+|-'IH+!+OC+(-+&!$,!-#+IL .- +=Al"#+%+!
(,&$-$',%!L$22IH+!*'%-12$c+2J!-"TH+!.CC.=+,-1.%!C'%$-$D+1%cC+L,+%%!$, -#+]1=+-) =, 1#+$5#-!
&3$%-=3$H)-$',%!+%C+($.22J!.%! ('==+2.-+&HFBEY *+.9%)=+%!' @!%)=@.(+!('2'=""=19%(.--+=$,5A!
U)$&+&IHII-#+!-=+ %+ -'@!%)H%)=@.(+!%(.--+=$,5!@'=!-#+1/,2.,&!d.-+=IF"GE!.,&!.%!L+!.=+!
H2+1-1&+D+2'Cl=+2.-$' %! H+-L++,IC#"-" 1#+$5#-1&$%-=$H)-$',1%cC+L,+%%!.,&!"-#+=1+DS&+,(+!
'@!%(.--+=9$,50!L+L$22!&+5BOEE'C=$.-+!('==+(-$',! @'=1%)H%)=@.(+%(.--+=$,5! L #+=+!
.CC2$(.H2+!.,&!C="D$&+!$-1.%!.,1-C)-' @!F"35:
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[Z5Z570 Y $#9ABA&KB &' T$. % (H&H# " HB$&'%

<+,8$,5!@)=-#+=!., 2JVEBID+, I-#+12'L1.CC.=+,- 1=+ @2+(-.,(+'@!-#+!'(+.,1%)=@. (+' B $=%-
CH-', HS.9%!(==+(-$' %0221 262 -IH+!, ++&+&! @'=I-#+1'(+.,|C="&) (-6

[25257] ?"$@ABB.B$%B$HY

"HHICH - 1%-.-$%-$(%! &+ U (=SH+-#+18$%-=$H)-$',' @!-#+1C'C)2.-$',1)%+&!$, - #8-1%) =@ . (+
-=.(C$,5!.25'=$-#+Al"#+%+IC .= *+-+=9%1$, (2)&+1-#+Q1 ) H+=!"@ICH-' %01#$%-'5=*' @!-#+!
C'C)2.-$',01.,80. -I¥$, $*)*I-f#+1*+_ 0ID.=$.,(+0!.,&!1%c+L,+%%0!.,&!c)=-"%$%

[Z5Z5Z07'$BS$.-(+".(+B.B"(K$.%6(8&## HBSES (+1#). H"(N. T"(FH&L"#B$"% (

F%!&$%()%%+&!$,:A:A"0'81B8D+%!)%!.1),$B)+!'CC'=-),$-J!-"1*.c+!.,1.IC=$'=$!+%-$*.-+!
'@!%+.1%-.-+!H$.%!)%$,5!",2J!-#+1#+3$5#-%! @B y+@H+! @3F,8%5,5!%I%-+*Al"#+].CC=".(#!$%!-"!
)%+!-#+1%)=@.(+!C#'-' | |#+$5#-%!-'1+%-$* .- +-#+1%)=@. (+1#+$5#-1. ,&!-#+!=.-+'@!C#'-',!
=+-)=,%!$,ISW.2' 5 9=.(c!%+5%+,-%Al"#+!('==+2.-$' '@ #+$5#-|.,&!=+-)=,I=.-+]

=% 28N+ &IHI-#+] D+=5+ICH#'-' | |=+-)= 1= -+I$%#+!711'=1%+.1%-.-+HS$. %A "#$% ! LS2 2 H+!
+%-$*.-+&!@="1-#+1%)=@.(+!C#'-' | [#+$5#-I=+('=&!H+@'=+!%+C.=.-$',' @!-#+!$*C) 2%+!=+%C',%+!
$,|-#+HI#+I5H-1#5%-'5=1*&!*.&+!.D.$2.H2+!.%!")-C)-Al"#+1%-.,&.=&!&+D$.-$',!" QHC,!

#+35#- 0D +=1-#+IL#'2+1%+5%+ - IL$22 KD D& +&!.%!.1*+.9%)=+!"@!8d4!6nY O81& .- (., H+!
(*C.=+&ILS-#!1=+.,.2]%3$%!C="&) (-A8"#+%-.,&.=&!&+D$.-$:H')--#+| SWHFIHS,! . D+=.5+%!
L$22!.2%"H+!C='"D$&+&!. 985 -+!'@!-#+!+,+=B@ %#'=-IL.DUW#.-!.=5) . H2J!1#.%!.,!
$*C'=-.,-l+@@+(-!",!=+@2+(-.,(+!.,&!%+.!1%-.-+!H$.%A!

[Z5Z5Z +&- #(K.HO@#&1'X(

"#+1%'2.=1H.(c5="),&!IC#-"I=.-+ 0O@B8O>APQ3®H%!+%-$*.-+&d!.,!.D+=.5+I'D+=ITW!2.%+=!
C)2%+%!$,!F"3W IR . %+&!",|-#+0H'-" %! $,(2)&+&!$#H+12-$*+-=SHSYB=.*12+%%!-#+!
CH#'-',%!&++*+&!%$5,.2!16%)=@.(+!'=!(2)&!=+@2+(-+&;!C#"-' %! HIIF"3W Al"#$%!$%! (', D+=-+&!-'!
J= -4 ICH' - %! C+=1%+(, & HIESDS&S, 5IHI!-#+1-'- 21-$*+1L$ & 'L I1=+&) (+&HI!-#+1&)=.-$',!
'@!-#+IL$,&'L!(',-.$,$,5!%85,.2!IC#'-', %A!
V'=IF"3S:IL+IL$22))%!-#+].D+=5+'@!-#+!+%-$*.-+&!%'2.=!H.(c5="),&A!d+!L$22!,'-1)%+!
H+IC=+&$(-1%!2.=IH.(c5="),&! =.-+IH.%+&!" 1-#+1%'2.=1"+ $-#1.,52+0!-#+1%'2.=1@2) O!$, |- #+!
=+(+$D+=!+-.2",1%!C.%%!H.,&0!.,&!-#+ SO EF=-)=+!"@!-#+! &+-+({=%A

[Z5Z5ZC*LL#"B(,")-"HB.'H"
"HSUHY6IH . %o+&!" 1-#+(*C.=$%', I @1+OC+(-+&ICH-' 1(),-%!'D+=1.1%+.1%)=@.(+!L$-#!8d4!

+06-$% -+&I@="*ICH#"-' 1%-.-$%-$(%!.,&ICH-"I('),-%! @="*1-#+1.(-).21%)=@.(6%++:A:ASAY!.,&!
V$5AIA
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ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

X7TK7A 7'L1B(#&I(7+D(F#&>1HB%
[25Z/2%8-.%%3$)$">(LA&B& %(C:"T"-((E

<#'-' %!(2.%%S@PYRY |L#+-#+=1-#+1#+$5#-1$%1%$5,.20!,'$%+0!'=1+0-+,&+&!1%$5, . 2Al "#+%+1#.D+1.|
(,@$&+,(+.%!-'1-JCA

[Z5Z/Z( *BI&YLA"#"(C:"T"-([E (
K+2.-$D+f(.2$H=.-+&H.(C%(.--+=0!H.(C5="),&!=.-+%0!(2)&!%-.-$%-$(%! -1: TI4"A
XTKTX 8&##"HB$& ' %(BEE@ABQ.%">(&' ("aB"# .-($'L1B%E

11.,-$($C .-$', @ 1#$5#+=12+D+21C="(+%W$ 80!, & =&t +$5#C="8) (-UL$22!$,(2)&+!.!
VHA=I@(==+(-$', %! CC28R!-"1-#+1= LI#+$5#-1406-$* -+%AIV'=1+0 *C2+1-1=+&) (+1.2$.%$, 5!
C="H2+*%0!('==+(-$',%! @'=148B#+B)+,(J".,&! @$,+1%C.-$.21%(.2+!D.=$.-$', %!$, |88 B&+AGA0
S&IHH=IHSEH @=+B)+, (J'(+.,1($=(2.-$', | (#.,5+%:1-#.-1* JIH+I$, .&+B).-+2J1% *C2+&IHJ!
[178.-:1%#") 2&!H+!.CC2$+&!H+@'=+!.D+=.5$,5A17%-$* -+06! @!-#+%+! ('==+(-$' %!L$22!H+5$D+,!
HH=+MRR2I(==+(-$ % IL$221H+I5SD+,I$, |-+ =16SEH'1-#.-1-'|. CC2I.1(‘==+(-$',0!) %+=%!L$22!
&&IGI- 1 HHH+SEHN+00-$* +0! &I-1=+¥D+I$-1-#+JIL$22196)H-= . (-1$-AIF&&S-$',. 2! ('==+(-$', %!
H.-1%*+)%+=061* JI&+($&+!-'1.CC2IIL$22!H+IC="D$E&+&IL$-#!-#+10="&) (-A

[Z5Z[Z%P"&$>(.>G1%BI"B(C+B.B$SHE

A+$5H9!.=+1.&>)%-+&! @'=12'(.215#$BBHY%6S,51+.,1-$&+HTULWWDIF&+2 H+$,51=+C'=-4&
HIF"3W1.%!-.c+, |@="*1-#+1*+., 3$&+!7UI:WWb!*'&+2

[Z5Z[Z/ *BI&YLA"#$HE"-.2( H&H## " HB$&%

A+$5H#9ILS22IH+ (‘==+(-+&IH.%6+&!" 1. |- % CH+=$(1*'&+2015$D$, 5! (‘==+(-@ %4} - 2!1&+2.J!
(==+(-$'}#.-1.((), %! @'=IL+-1.,&1&=J! L+-1-='C'%CH+=+A
1'==+(-$',%IL$22!H+1.D.$2. H2+1@'=!-#+ @FA(.=8=S,5!H$.%0!H.%+&!" 1.D.$2.H2+!
HYCHA=S(Po(--+=$,5!&.-.1., &) 1406-$* -+ @1-#+.-+).-$' 1(.2()2.-+& @="*1-#+!
CC.=+,-1%)=@.(=@2+(-.,(+A

[Z5Z[Z[ =2'.1SH(*BI&YLA"#SH(8&## HB$&'('>(BA"( 7' T"#%" (K.#&I"B"#(9))"HB( C7K93(
B$I" 0T #2$'QE

4+$5#9%0) . =+!('==+(-+&! @¥+S, D+=%+H.="*+-+=I+@ @ H{-!!-#+!&$=+(-|.CC2$(.-$',' @!
X% CH+=(IC=+%%)=+!-"I-#+1%+.1%)=@.(+!.,&!-#+!&J, *$(!(#.,5+%! @S &A178.- Q!
#.9%!.&'C-+&!1-#+1)-$2$".-$',I' @!52'H.20! +*C$=$QADAX/8 1 ?U:E0! SfYjly! STY[I5=$&%!-'1H+!
)%+&!.9%!.!,+.&=+.2-$*+!/ D+=-+8G .="*+-+=16/G;!.,&'EJ, *$('F-*' % C#+=3(11'==+(-$',!
6EFL14)>>R>#)$7!IN;)>P:WWRAI"#+%+15=3&%!.=+!@'=(+&!HJ!-#+!7)="C+., 11+ +=1@'=
14+&$)* K.,5+d+.-#+=IV'=+(.%-$,5!671IdV; ¥ &+21@'=!-#+1%)=@.({€=+%%)=+!.,&!ISW
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ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

L$,& |@$+28%AI"#$%!(*HS, +&! (‘==+(-$',|-JCH(. 22TR$6) & +!' |-#+'=&+=" @2 TW!(*
I")>8/'1#(1)*+ 01:WSHA
!

[Z52Z[Z)( I$>.-(H&H# HB$& % (CBEI#2$' @

4+$5#9%! . =+!('==+(-+&! @)=

18'2$& !+.=-#!-$&+IRBHD>(: ; (B'2$&!+.=-#!-$&+%!.=+&+=YD$BI7K8!6:WSW;!(',D+,-$',94
=+HZWI*I* 016&+-.$2%!$, I F'3WR"'GE!%+(-$',|RA"A;

2(+.,! 2'.&1-$&AUBTHP*E) D" #+12'(21&$%C2.(+*+,-1&) +!-1'(+.,12".&$,516RI-'TWI (*;!
&+=3$D+&!@L*.,!-$&+1*'&+21U?"YADAIE+-.$2%!3$,!F'3W IF"GEO0!%+(-$',|RA"AS
<2+1-$&+HBTHP=5@B'2+-$&+%!$,(2) &+ H'-#1%'2$&!+.=-#1.,&!' (+., | CIZB&+IOAI"#+0b+1+. (#!
=+HI(*C)-+&!D$.V/7K8!I6:WSW;!(',D+,-$' . %AIE+-.$2%!.=+!@"),&!$,'F'3W IF'GE!%+(-$', %!'RAAT!
,&IRA'ARO!=+%C+(-3D+2J

2(+.,1C'2+1-$&+Q&T#PSBP=BIH +. 1< 2+1"$&+ B'.&$,5!&)+!-'1(+,-=$@)5.21+@ @+(-I'@!C'2.=!
G 1 L+ (+.,9%16:17%01*.0 :01%)H%)*+&1$,1<'2+1-$&+16-$&+[C'2+;
2(+.,1-$&+UB&THPEBHIPP(+.,I"$&+%!$,(2)&$,5'&$)=,.2!., &% +K$)=,.216#.=* $(!
.2J%$%;0!.,&12' 5+=IC+=$'&!-$&+%!6&J,.*$(!., &Y HBE0-+,-1+B)$2$H=$)*: 162 Y %5 +!
@="*1-#+U?"YADAIE+-.$2%!$,!F"3W IF'"GEO0!%+ASAIRA

7B)$2$H=3)*!-$& B BP#S/&*& @A) $2$H=$)*12' BC+=$'&!-$&*#C)-+&!)%$,5!.!
%)H=")-$,+!.--.(#+&!-'1U?"YAD!(.22+&!3<7PI"AVIHIIKS(#.=& K. JAl/-1$%! IV'=-=_ I=") -5 !
LAS(HI@$@-++,!-$&.2!1%C+(-=.212$,+%6! @="*1-#+1195IP=STER&E +, |- H2+06!:9% ) **+&Al
68+1%+(-$',/RA'AS!I'"@!-#+IF"3W IFABE

[Z5Z[Z] N$'>('>(+N?(9%B$1.B"% (
8)=@.(+L$,8%).,&!1%$5,$@$(.,- L. D+H+$5#-1@'=!@'=+(.%-f=+.,.2J%$%!C='&)(-%|L$221H+!-.c+!

(*C.=$%',1@'=!(*C.=$%',IL$-#1/178.- Q1&+=$D.-$',%!'@!8d4!.%!C.=-I'@!-#+%+.1%- -+1H$.%!
(202.-$' Al
!

! (
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ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

[Z/ ( P#$>>">(+".(+1#).H"(?"$S@AB(@@;L"(;H".' (CI56R(IK E

"#3%!IC='&)(0!H.%+&!+,-$=+2J!" I1<="&)F13 S: f3'F IL$-#!,'1+O-+=,.21&+C+,&+,(+q',-.$,% !
5=$&&+&!*' -#2J14+%-$*.-+%! %" %0)=@.(+' @="*1.22&.(c%! @="*!-#+!H+5$,,$,5!-"-#+!+,&!
'@1+.(#* - #AIG2'LIRWZ!.,&!.H'D+IR WB0H+!&.-.|.=+I* CC+&!" I-#+1()=D$2$,+.=15=3&!' @!
HH"2<Tif<%+$&, IL$-#19%C.($,5!+B)$D.2+,- - IWA:TI' @!2',5$-) 8¢ FH'D+NZ! . & H+2'L!
RWB!-#+15=%&lata are mapped onto a planimetric grid using the SSM/I Polar Stereographic
Projection equations at a grid spacing of about 24 km. The exact spacing of the Polar
Stereographic grid should be adjusted to match the longitudirahgpat the TOPEX/Poseidon

grid at 60iS and 60iN, and the latitudinal spacing adjust to have an integer number of grid cells

between 60jN (S) and the North (South) Pole.
!

X7ATKPHS>(F.#.1"B"#% (
[Z/Z5Z%+".(%1#).H"( A"S@ABEBS$I.B"(

d$-#!'" ,2JIF"3S:!,++&+&!.%!$,C)-C4PWH=D+&!C="&) ({!,-.$,%!-#+!%-.-$%-$(.2!&+%(=$C-$',!
'@!-#+1%+.1%)=@.(+!6*+.,e!%-.,&.=&!&+DRc+L,+%%0!C)=- Uo$H%P, | 5=$&! (+PEAY+!
L$22!1H+!("*C)-+8&%$,!-L'IL.J%0!)%$,5!.55=+5.-$',!' @!%+5*+,-1#$%-'5=.*%!&$%() %% +&!$,!-#$%!
%+(-$',0!.,&!.55=+5.-"'@%+5*+,-1**+,-% 1&$%()%%+&BH1$',| A ASAAl"#+15=$&&$,5!
%o (#+*+1L$22!-.c+.%!$,C)-!@="*IF"3S:0!-#+1#$%-'5=* 2D (()*)2.-+&'$,!%+5*+,-%!
2J$,5!IL$-#3,!+.(#!15=8&! (+22!-#+%+!L$22!H+!("*H$, +&!HI!.&&S,5!-#+IC#'-'1(") ,-% ! @="I+.(#!
%+5%+,-1$, 1+, (#!1#+$54- 14, @!+.(#1%+5%+,-1$, - #+!15=3& ! (+ 22A

"#+1.D+=5+I5+'$&!I#+5#- 1 @="*1+.(#!1%+5*+,-1L$22!.2%'IH+!.D+=.5+&0! L +$5#-+ & HJ!-#+!
) HA=I'@1%3$5,.2ICH#-',%!$,1+.(#!%+5%+,-Al18$*$2.=2J0!-#+! L +$5#-+&! . D+=.5+.IC=$'=3$!1%+.!
%-.-+!H$.%!L$22IH+!(*C)-#&A

"HHI@")=1"*+,-0%!'@! -#+1.55=45.-+1#3%-'5=*IL$22IH+!(*C)-+&!)%$,5!-#-8).)%%$.,!
[.O$*)*13$Cc+25#"&!.CC=".(#A!I"#+1%+.1%-.-+!H$.%! L $22!H+!%)H-=.(-+&! @="*1-#+ @$=%0-1*"*+,-|
SIISH2&!-H4F+, I5=3&N (+22| ER#+!*+.,18841 (., H+!(.2()2.-+&!.%!-#+1*+., IE?"IC2) %! -#+!
L+$5#-+&!.D+=.5b+'$&#+$54-A

[Z/Z5Z( +".(%1#).H" (%B.B$%EBEH%BE@#.|((WSBAS (@#$>

d+IL$221CH+=@'=*LIL+$5#-+&!. D+=.5+'@!-#+ @$=0%-1-#=")5#!@") =-#!*"*+ -0 !' @ H+$5#-%!$, I-#+!
2+,5-#1%6+5%+ %1 #.-15'1$, - |- #+15=$&1(+221$, 1 I5SD+, ¥ -HANG+$,51*$, & @) 2!-#.-1+. (#!
%+5%+,-15'$,5!$,-'1.1 5=$&!.D+=.5+* JI#.D+.1&$@ @+=+,-1),&+=2J$,5!&$%-=$H)-$',0IL+!L$22!
+00%0+,-$.22J1(*C)-+I-H+ %%+ 0p1' @I-H+1%+5+ 15+ - OAI"H)00!-H+1¥*+ -0l @'=1-#+]
$,83D$&).21%+5%+ -06IL$221H+IL +$5#-+&IHII-#+1 J H+=""@19%)=@.(+!CH#-' %!$, 1-#+$=10%-+5*+ -0
=+2.-$D+H- -+ 21 Y HA=I"@ICH#'-' %!5'$,5!$ - 1-#+I5=$&! (+22.,&!-#+,1 &&+&!-'1$+28&!

+00-$% -+ 001" @!-#+1. D+=.5+1**+ %1$ 1-#-+15=58 (RDAH +," 5#1%+5*+ %! =+1$ (2)&+&!$,!
I5=$&!(+2216+A5A0F=+1-#. L:W;01#$%-'5= %! @!-#+1**+,-%15' 5I$ -'I-#+5=$&!(+22!(.,IH+!
$,(2)&+8&!1.%!")-C)-A
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ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

[Z/Z5Z[ N.T"(%B.B$%B$HI(WSBAK (@HS$>

7%-$*.-+%!" @!8d40!%#'=-IL.D+!+,+=5]!.,&!88G! @="*M#>I&5>&0-$*.-$',!' @!%+.1%-.-+H$.%!
L$22!.2%'H+!158B&=.5+&IL$-#!.CC="C=9$.-+!,'=*.2%".-$',| @'=!-#+],)*H+=1"@!%)=@.(+!
CH#'-',%!$,!+.(#!1%+5*+,-Al

!

[Z/Z5Z\ +".(%1#).H"( %"@I"B%(C7'L1BE

8+.1%)=@.(+'#+35#-1$,1%)=@.(+'#+$5#-1%+564&-Ph0(=SH+&!.H'D+IL $-41-
-$*+12'(.-$',1B).2$-JI' @!-#+!%+.1%) =@ . (+#+ S BBt #+1%+5%+, A
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ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

\Z4(  *P;,73?S(3?9:,b (

1,1-#3%!%+(-$',0'L+!&$%()%%!-#+!1@'22'L$,5'H CH(%Q!

1.! Finding the collection ophotonheighs representing reflection from the sea surface.

2. Separating theurface wave generatgdriation in photorheighs from other sources of
variance

3.I DeterminingSWH and higher order measures of sea state

4.! Formulating the best sea state biageion

\Z5( 7'B#&>1HB$&

"#+1* $,1C)=C'%+!"@!-#+1.25'=$-#*%!&+D+2'C+&!H#+=+1$%!-#+!&+-+=*$,.-$',I' @!8+.18)=@.(+!
4+$5#-16884; Mt+=+!.=+I-L'I* $,19%-+C%!-"1&+-+=*$,$,51%+.1%)=@.(+!#+ 584, |@="*

[178.- QICH#-'!  #+35#%!6F "N ;I'D+=!-#+!"(+. Al"#+%+! =$&+,-§DIS$,5!CH#'-', -+ $5#%0!-# .-
2%3c+2J1=+C=+%+,-1=+@2+(-$',| @="*1-#+1%+.1%)=@.(+0! 2" %I @ - KR 5, &EBF (A Y A;

L &I&+-+=*$ $ 51-#+1('==+(-1%-.-$%-$(% ! @!-#+!%+.1 V= ED RS %-=FH)- B3+ (I YAA '%-!
$*C'=-.,-2J! L+1%++eH#+18841+B).21-"1-#+1*+. ' @!-#+1#+$5#8$%-=$H)-$' A(G%+!' @ !-#+!

*-$' ' @-#+1%+.1%)=@.(+0!%) = @E&S'D+=!"C+,IL.-+=1$%!$ #+=+,-2]!.1%+.=(# @'=!.!
&$%-=$H)-$@#+$5#%!=+C=+%+,-.-$OH+!%+.1%)=@.(+A!?)=!*.$,IC="&) (-IL$22!H+!-#+1*+ !
'@-#5!8&3$%-=$H)-$',I'D+=!-$*+0!12+,5-#!.,&!%C.(+1%(.2+%!- TH+ &+-+=*$,+&!.951%-$, 50!
& 1,.21%3$%A! &8P - #+=1C="C+=-3+%!'@!-#+!&$%-=$H)-$',|.=+1)%+@) 2! @'=!.%%+%%$,5!-#+!
%)=@.(+!L.D+!+,D$="*+,-1. &IH$.%+%!$,|-#+18841&+-+=*$,.-F"#R)5#!IL+! @'()%t+=+!"!
'H-.$, $,5*+.,3,5@)2!%-.-$%-$(.2!&$%-=$H)@"%+.!%)=@H{H5#%0!L+!#.D+@"),&!$-!
C'%%$H2+!$,!-+%-%!LS-#IFG73!&.-.I-'I(=+.-+*+,,$ 5@)2*'D$,ZCHF'-',! *+., %!'@!-#+!
#+3$54% ! @="I-#+IC#'-',%!&+%3$5,.-+&!%%$5,.2!IC#"-', % HI-#+1%)=@ . (+! Q)PS5 F6A!"#35%!
53D+%!.!1=+2.-$D+2 % $%12)-$',!-$*+96'=1%C.(9!%+=3$+%!-=.(+"'@!-#+1%+.1%)=@ .= $,!
S=++r+ SILS-#I-#+L,.2J%3$%!) %3, 5!-#+1#95H%'2)-$', 1%+, 1B(£12I% %A "#$%!* I H+!)%+&!$,!
+0OC+=$*+,2!.,.21%+%!@'=1%)=@.(+!LND$BpA+ SIBo#' L %ottt +!H2' (! &$.5=*@'=!-#+!F"3S:!
C="(+%%3$,5!-'15""@="*IF"3W IC#'-' 1&.-.1-'1.2' 5 9= ,(c!#$%-'5=.*%!.,&!%-.-$%-$(%!'@!
&J,*$(I'(+.,!-'C'5=.C#IA! V$5)=+!S$22)%-=.-+%!-#+15=$&&$,5!C="(+&)=+!-"15"1@="*1F"3S:!
C='&)(-%!-"1F"3S\!5=$&&+&E?"!.,&!884A

\Z/( *J5IM( Y$>$ @(BA"(%1#).18)-"HB">(LA&B&' (\"$@ /RS (BA"(LA&B&'(H-&1%

8)=@.(+!@%$,&$,5!'D+=1-#+I'C+,!I'(+.,!=+%-%"" N =12$*$-+&!+OC+=$+,(+IL$-#!IFG 73!&.-.I'D+=!
'C+,IL.-+=Ald $-#!@+L!%)=@.(+!=+-)=, %0284+ &!%%$5,$@$(.,-|L.D+1#+$5#-%!*) (#!2+%%!
-#.,! -#+= 5+H'@1%.*Q+W-#+1* >'=F-JI'@!-#+!'@!-#+H$,%!L$22!(",-.$,!",2!,'$%+!CH#'-',%6!%']
#.-1-HHF &S IL$221+B) . 21-#+ ) H+=I"@!,'$%+ICH#'-', %! C+=IHF %! - #+1 @), & .*+,-.2! $&+.!
@'=1%)=@.(+'@%,85, BR0-3@JI!.%!%)=@. (+#+$5#-|HS, B AVBH!(") - %! +O (++&$, 5 W+
*+&$.,1L)*H+="@!("),-%A V,1+O-=+*+1(.%+%!L#+=+!/1781+,("),-+=%!%%$5,$@F(!L.D+!
#+$5#-%!.CC=".(#3$,5!-#+I"N&'L,2$,c!=.,5+'@!HF,%D!L+!* JI#.D+!-"1.&'C-1.1%2$5#-2]!

&S@ @+=+,-1-#=+%#281%) (#1.%!-#+1("),-1D.2)+1+B).2!-'I'=14+O(++&$,5:W{!' @!-#+H$,!
C'C)2.-$',A!
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d+!.,-$($C.-+1.12. =5+ *H+=""@!%)=@.(+'=+@2+(-+&!C#"-",%'* JIH+!,++&+&!-'1.&+B).-+2J!
=+%'2D+!-#+HIHSSH+=IF*+ 0p!' @1-#+1%+.1%) HEHEHES$%-=$H)-$' AIF2%'0! @$,+1%C .-$.2!
=+%'2)-$',1$%!C="H.H2J!,'-|1=+B)$=+&!$,!*'%-1'C+,!'(+.,1%+--$, 5% A!"#+=+@'=+0! )L B2 2!
%+*R&.C-$D+ % (#+*+1-"1.(()*)2.-+1%+5*+,-0612" 5l+,")5#!-'1(.C-)=+)CI-'ISWOWWW!
(,&P&.-+1%)=@.(+!CH#'"-' % A!"#$%!L $22!$,D'2 b+ F+&$., H.%+&6+2+(-$',!.,&!%+5*+,9
2+,5-#1%+--$,51C="(+%%!6YA:ASA:;; Al"#3%!L$22!H+!@'22'L+&!IHJI.!@9$, +419%(.2+1#$%-'5=.
(,%-=)(-$')-#.-1$,(2)&+%!*+&$., H.%+&!%+2+(-$',"'@!%)=@.(+!C#'-',%0!.1&+-=+,&$,5!
C="(+%%0!.,&!=+C+.-BE$216 YA:ASAL!

W7ATK"-"HB$&'(&)(+$@".-(FA&BE& 0" $@ A

\Z/Z5Z% 7'L1B(B&(+"-"HB$&'(&) (FA&B&Nb

F'3S:IL$221=+B)$FBW ICH-",| #+$5HY@'=!+.(HC) 294$, |- #+!'( +.,12!1ST H&'L,2$,c!
H.,&1.,&1.9%%' ($.-+&!-$*+15+'2'(-$', 0I5+ CHI%S(.2!(==+(-$',%!65+$&0!-$&+%01&J, . *$(!
HUCH+=$(1(==+(-$',;01., &!I(, @$&+,(+12+D+R)@'=*.-$',01C2) %t +(2) & @2 .B8B."+/0#$D
+D+=JIYWI)2Y%! @=IE"3W\AG . %+&", 1+.=2J18$%() %%$', %0!-#$%!F"GE!., &-#+!
&+D+2'CH+,- 206 @-L.=+1&+D+2'C+&I @="1$-1. %00)*+&-#.- 1/ BAED+=1-#+1'(+.,1L") 2&/!
&'L,2$,CICH - H+$54-06IL$-#S, 1ZSTI*I'@!-#+17U1:WWh!5+ $& A20' % $ &+ @="*1-#+! 2 BT
H., & H)-1-#+5+'$80!."1(2.%%$@$(.-$%!-'1%)=@.(+,', Pb)=@.(+ICH#-' %!$%!* &+1@'=!-#+!
F'3W I'(+., 1=+96) 2-04B%! (", @$5)=+&!$, [E+(+*H+=1:WSb0!-#+!V 2$ 5448+ $D+=!
F25'=$-#*0616VBKRBIL, 2$,C%ICH-', #-+$5#-%!$, 1S TFIH. &1 H')- -+ $5#-%! (#'%-+, IHJ!
%$5,.2!@$,&$,5!C="(+&)=+1&+%(=SH+& SNHFGEBIV 2$5#-18($+, (+IK+(+$D+=IF25'=$-#*0%|
X+=9%3', I  AX(NAU"HSOpIB@GHYp-+=1H+S5H#-%6! D+=1\BRME'- 1% >'=1@=*+%! %6 -#' Yo+ L #+=+]
HHIRY-ICH- A S5H-%61=+2 . -$D+!-'1 '$%=+ @), &1$,1.8>.(+,-IHS,%!' @1 (. =%+ . 2-$*+-=J!
H.,& Aldtt+ 'C+=.-$,5!$,12'(.21&. J2$5#-1.,&1$, |-#+IC=+00+,(+I'@!+D+,1-#$,1(2)&%0!., &I C+=#.C%!
'D+=1C.=-%!'@!-#+!'(+., IL$-#I1=+&) (+&!=+@2+(-.,(+0!@'=!1+0.*C2+L.D+1%62'C+%0!-#+!*'%-!
C'C)2.=+$5HHS (., 1%#S@-1-1(#., (+1(, (+,-=.-$',%!' @, '$%+C#'-' %!)CI- - WWI-T WW/I*1
H'D+I'=IH+2'L - #+15+'$-IA

"HH=400)2-$, 51 +==",+)%!&'L,2$,C!H.,&% ' @!CH#-' 1#+$5#-%!.CC+.=I$, VW
C)2%+!* >'=1@=*+0!., &' +1'=1-L'I#+$5#-1H.,&%!%)CC'%+&2JIH=. (C+-+&IHI1#+$5#-%!-'CC$, 5!
-16)%$,51-#+1+0 *C2+!'@15="),&!-=.(C!:|=$5#-;15-:=fH(c5=&[.-2.%f-2*[-'C[H.,&S!.,&!
5-:=fH (C5=&[.-2.%f-2*[-'C[H.,&:OIL$-##+$5#-%!5$D+,1.%!
5-:=fH(C5=&[.-2.%f-2*[#+$5#-[H.,&S!.,&!5-:=fH(CE=&[.-2.%f-2*[#+$5#-[H.,&: Al

HEIROH-L (1 (42,8, 51C= H2+*I$061-#.-IL#+, 1-H#+ &'L,2$,CH.,& 1$%!C)22+&!.L.JI@="*!
HH1-2)H1060)=@. (+IL+(.,1.=5).H2J12'06+1-=) +196) =@ @R (-+&!CH'-' %0!H$.%$,51%+.196)=@. (+!
H+$5#-001$,196'%+1) ¢, 'L, 1&$=+(-$', ., &ID$'2.-$,5!-#+!.%9%)*C-$',%!'@!-#+F"3S1%-+.106- -+
HS$.961&+-+=*$,.-$' Als, 2+%64 V8K 06! (#., 5+&'1%6$*C2J1&'L,2$,Cl. 221 CH'-' | 1#+$5#-%!
L$-#S,IZSTIH'@!-#+15+S&IL#+ ' D+=I-#+1'(+., 0-H#+ICH'-' %! @="41* >'=| @=.*+%! @'=IL#$(#!
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A+ (+,-+=I'@-#+H1&,28,CIH.  &!$% ' =+I-#. 1:I'=l"  FI@="*]-#+!-=)+1%+.1%)=@%o#") 2&!H+!
+2$*3, .-+ &@="*IF"3W"A
d+ IL$221)%+1#+$5#-% 1=+ @+=+,(+&!-'I-#+!7UL.-WWDb!5+'$&! ., &!('==+(-+&!@"'=!"(+.,!
-$&+%B1&], *B(1.-*%CH#  +=$(!('==+(-$',/C='D$&+&!$,F"3VK
d+IL$2D%+!-#+1%$5,.2!(, @&+, (+IC="&) (-1, IF"3W " 1-'1+&$-I')- I-#-+1+==" +') %!
&'L,23$,C1H., &% A!I"#$%!5=.&+%!+.(#ICH - 1#t+$5#-1=+-)= 1. %1-'12$C+2$#"&!-#.-1$-1$%!.1%)=@..(+!
=+-)=,IHJ!+0.*$,$,5!1#+35#-1HS$, %! .- ' TWY2%+!= .-+ @6$5,.2!-"1,'$%+!=.-$"1$,I-#+!(',-+O-' @!
,'$%+12+D+2A17.=2JV/19B(+.,!&.-.1%)55+%-%!-#.-IC#'-' | 1#+$5#-% L $-##$5#01*+&$)*0!.,&!
2'LIeY0 0L, @$&+,(+12+D+2%!D+=J1%+2&*].CC+.=!1$ I-#+1+=="+)%!&'L,2$,c!H.,&%A!
V)=-#+=01-#+!(', @$&+,(+12+D+2!1%' @Y %H5,%! . BE2A $&+,(+!12+D+2!'@!S!-'IL#.-1L") 2&!
HHA="1(, @$&+, (+1#+$5#-%61$,1'=8&+=1-'| @ $2 M G T (., 5+&!-'12ST  F;IHS, 1L H')-1-#+]
#ISH#!(, @P&+, (+1H#+S5#-%A!"#+=+@'=+0!$,!C=.(-$(+!(', @$&+,(+!2+D+2!SI'=1+%%+,-$.22J! (' D+=%!-#-
5+'$&!1zSPH.,&!., &!(.,'H+)%+&!-'1+&$-!")-1-#+!1+=="+)%!&'L,2$,c'H.,&%A
G+(.)%+!IL+!.=+1)%3,5!-#$%!5="198.%+&!+&$-$,50!$,!-#+!@)-)=+!L+!L$22!#.D+!-"!
$,D+%-$5.-+-#+1+@@+(-I', -#+1%+.1%)=@. (+!#+$5#-1.,&!188G!(.2()2.-$',I' @*$%%$,5!-=) +1%)=@. (+!
C#'-',%!,-1&'L,2%$,c+&!$,!-#+ IC=+%+,(+I'@!+==",+)%!&'L,2%,c'H.,&%0!C="H.H2J!HJ!
(*C.=%$,5!&.J-$*+!.,&!,$5#--$*+1&.- I'D+=1-#+1% . *+!=+5F' Al !
I!

\Z/Z5Z( 8& #%"(+"-"HB$&'(.">( +"BB$'@)(+"@I"B ("@BA(

"H+IC="(+%%!$%!H.%$(.22!-"1 @ $=%-!+%-.H2$%#!.|D.=$.H2+!12+ 5-#!16 +A5A0) C!-'IXIc*;I'(+.,1%+5*+,
L$-#1+,")5#16+AA;ICH#'-' | 1#+$5#-%!-'1J$+2& . 1#$%-'5=*IL$-#!=+.%',.H2+1*"*+ -9 ) C!-'I'Y!
'=&+=A
SA70.*$,+'(+.,1&+C-#1.,&1(2)&!C.=.*+-+=%!.5.$,%-1(',-="2IC.= *+-+=0%!-"-+%-| @'=!
%)%-.H$2$-J'@'=!"(+.,!C="(+%%3$,5A
dlignore data collectealver land or too close to land.dcean depthdepth_ocnis less
than a depthgepth_shorgspecifying the effective shoreline of water for which ocean
processings appropriaté;#+,!C="(++&!-"1,+O-ISY!5+HS, |6 Y WAB) 2% +;!%+5*+AT he
default value focontrol parametedepth_shorevill be 10 m!
98%$*$2.=2J@H-="2!C.=.*+-+= llayer_swtcl%!+B).2!-'1S!.,&1);#>P.*)@s equal to 1,
-#+,1C="(++&!-",+O-ISYI5+HS, |6 YWBD) 2% +5*+,-ANVhenlayer swtchequals the
default value, 0, the software wiglnore the cloud cover in accepting data during coarse
surface finding.
A 1'==+(-1@"'CTH#'-' | |#+$5#- %! @'¢%#'=-IC+=$'&!.,&!2' 5!C+=$'&}.,!-$&+%
60(66 TO#5=:;'PB5>>T (& 7#P5B#)$PFP#S/&*& @B&AP+!$,D+=%+!H.="*+-+=1+@ @ +(-!
S&I-H#HIFEA2+&18J, . *$(1=+%C', Yo+!-'I-#+! -FUCH+=+16&J,.*$(!.-*'%CH+=$(!
(‘==+(-$', 0O(66 TO#5=:'PB538;0
A 8+2+(-I',2JICH#' - 1#+$5#-%! @'=ILAS(#!-#+1%$5,.2!(", @$&QE6T'&0$)*PB5S$ . F&0!
S=+.-+=I-#.,I'=1+B).21- ISAI"#$%!L$221%+2+(-ICH#'-' %!$, |- #+12$c+2J1%) ~@E H} @G F=!
L$,&" LAIF2%"&+2+-+!1, JICH#'-', 1#+35#-%!")-%$&+!-#+!H.,&!&+@$,+&!HI!I5+'$&!C2)%!'=!
*$,)%1#.2@!-#+1#+35#-I'@!-#+!'(+.,1&'L,2$,c!L$,&'LI6C=+%+,-2J!5+'$&! L80!
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HH"*+I5+'$&!1zI:W F; AIBB&O/*&/*-./0&":&0/*&#"F2,-2G&3$2#8&%* ("% 0*&3AD1I&
(*%/$(8&$0&0/*&.*"8* . &% P&W2#&-:&8"4&F/$0&-8&0/*&ASY-$ 3, * SRIFHIK-./0&-8&
-80*#&$0&0/*&9IBL"%&:%$9*&%$0*M&;BO&-0&F"B #&3*&/$2#-*%&-:&-0& F$B&P0&0/*& . *"'8* ¢
%$0H

YA 8)H-=.(-I-#+17UL:WWDb!5+'$&@="*IC#'-' | |#+$5#-%! =+ @ +=+,(+!.221#+$5#-%!-'| -#+!
5+'$8AIZ'-+1-#.-17TULWWD!$,(2)&+%! .| E=+(-$',|@'=1-#+IC+=*, +,-I'=1*+_ |-$&+ A

TA 7%-.H2$%#!.,!1$,$-3.2!(".=%+1#$%-'5=*.=Ed)¥0 C.,,$,32! ST*ILS-#HS$,! % $ 'K
6"GEGFASABWS !.,&!.1&.-.1.==.J0 !Ggs)>:0!@'=!)C!-'ISWOWWW!C#'-' 1#+$5#-%!.,&!
20%'($.-+&!$,@'=*.-$',16$,&+00!5+'2'(.-$',0!-$*+32) %! ,'$%+!C#-",1(") ,-%A"#$%!L$22!
H+IC'C)2.-+&IL$-#1&.-.1@'=!-#+!(".=%+1%+2+(-$',!' @!%$5,.2!|C#'-', %A

6.! F55=+5.-+photonheight overl4 geebins @00-pulses) and construcatemporaryl4
gecbin (400pulse)heighthistogramspanningt 15 m with bin sizé, (e.g., 001 m).

This isused to estimata running total nuimer of signal and noise photoNge suggesa
bin size 0f0.01 for consistency with later steps in the proces3ihg14 geebin (400
pulse)segment should be aligned so that the oncd$geobin (400pulse
approximately 280 m along track distapckudnessflag, layer_flagin ATLO9,
represents thaggregate effect afloudness and background radiatiderivedfrom solar
zenith,cloud_flag ASR,cloud_flag_atm andbsnow_conduring the280-m segment.

XA <#'-',%!$,! -#+ISYI5+'HS$, |6 YWIB) 2% #5%-'5=*HB,%!L$-#!5=+.-+=I-#. |-#H:PIB[( !
-$*+%01-##H&S. ) HA="@!ICH#-",% Ol 2478)0.=+!(.,&P&.-+1%$5,.2!C#'-',%.,&!
CH'-',%!$,-#+1HS$, %! L$-#!-#+1*+&$.,!, ) *H+=!"@!%.*C2%=12+%%!.=+!(",%$&+=+&!,'$%+!
C#'-',%Ad +#.D+!H++,1)%3$,61:PIBPEBNISI$,!")=!-+%9%!L$-#!+.=2J/178H&.-. AlZ'-+!
#.-ILS-HI@+L1%)=@. (+1=+-)=, %) 298+ &1%3$5,$@(.,- L. D+1#+$5#-%1*) (#12+%%!-#.,!
TWIHQI-#+1* >'=$-JI'@!-#+!'"@!-#+HS$,%!L.$22!(",-.$,!", 23%+!CH#'-' %! %' -#.-1-#+!
*+&3$.,IL$22!1+B).2!-#+! Y*H+=I"@!,'$%+!C#-' %! C+=IH$,Al/,!+O-=+*+!(.%+%! L#+=+!
1178.- 91+,("),-+=%!%%$5,3@3(.,-'L.D+#+3$5#-%!.CC=".(#$,5! WI*Q!L+!* JI#.D+!-"!
&'C-1.1%2$5#-2J18$@ @+=+,-1-#=+%#'2&1%) (#!.%!-#+!("),-1D.2) +!+B) . P+-HESDD
W{l'@!-#+'H$,!C'C)2.-$',A

bA F&&!-#+1%%$5,.2!.,&!,'$%+!IC#'-' %! @="*-#$HI5+'HS, |6 Y VIB) 2% b +5*+,-1-'|-#+ |
),,$,5!--.2I'@!(.,&$&.-+!%%$5,.2CH#'-',% !.,&!,'$%+!C#'-',% 0!.,&!.&&!.22!-#+IC#'-' %!
S-#+1(1.=%+1#$%-'5=.*0EgA

\A/@!-#+!1--. 21 ) H+=!' @), &$&.-+1%$5,.2ICH#' - %0$%!5=+.-+#] I'=1+B).2!-' LI
*$,$%)*1 ) H+= OU:PD!6+A5A0!bQONGNT#'-',%=! 040266 +ABA;! SYI5+HS,!6 YWV
C)2%4%h+5*+,-%# . D+IH++,!('22+(-+&$%!8&+@$,+%!.,!'(+.,1%+5*+,-011, &I [5H! I-']
V$,+18+2+(-$',168+(IYA: AR #!-#+!C'C)2.-+&!(.=%+!#$%-'5=.BE 2 I STI*IL$-#IHS, !
%$"KL6"GEOFASARAWS 0.,&!-#+!&.-.1.==.J0 |Gas)>+Al/ @!-#+!-'-. 21 )*H+=I"@!%$5,.2!
C#'-',%!$%!2+%%!-8:PDI0OE+C+.1%-+@Y A:ASRAI-'TYA:ASAT L H'D+!.,&!$,-.c+!

., -#+=l SYI5+HS, 6 YWBB) 2% 49h+5*%+,-1),-$21-#+!'(+.,1%+5*+,- 1=+ (#+%!.12+ 5-#'@!
Xic*1* O$*)* A@!-#+3*12+ 5-#13%!=+.(#+&!.,&!-#+=+1 . =+12+%%!-#.,].|-#=+%#'2&!
) H+=I"@!IC#'-',%!16+A5AB(5$P2&MIYWWW;0!$5, =+!I-#.-I'(+.,1%+5*+,-!, &!=+C+.-!
YA ASR-TYA:ASARAIV'=ICH - 1(),-%!. H'D+!-#3$%!$,-#-8X1%+5%+,-0!1C="(++&!-']
YA:ASA' &!@$,+1#$%-'5=.*IH.%+&!%%$5,.2! @$,&$,5A
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\ZIZ5Z[ Y$"(?$%B&@#.1(+"-"HB$&

SA1',%$&+=% 6#+!(".=%+#$%-'5=*.==. JBL!C+=@'=¥l @ n!:WQ*fGSIHS$,!6+A5A0!:S!
H$,%!'D+=1.8¢; ™D$,5!HS$,! .=$-#*+-$(.D+=.5+8,(=+*+,-+&!HIISIH$ A &!-#+1+,&%!
'@!-#+H1%*"-#+&1#$%-'5=L$-#I @-¥:!H$,%!6+B).2!-#+1%*"-#+&!@$=%-!.,&!2.%-!
D.2)+%:I* - (#!-#+12+ 5-#1' @!-#+!'=$58$,.21#$%-'5=A

A The ASAS 5.1 finds thbin limits of the finehistogramas all the coarse histogram bins
on either side of the maximum in tB8-cm smoothecdistogram, from thd,, bin
position to thel,, bin, where the smoothed histogram bin photon cougpteiaterthan the
median of the smoothed histogram photon count. In practice with preliminary ATLAS
data the median has usually been zero. Essentially, we have moved out from the middle
of the histogram until the histogram levels fall to zéro.

As of 6/4/2019the developmental code finds preliminary tue limits of the
fine histogramas all the coarse histogram bins on either side of the maximum2@-the
cmsmoothedhistogram, from the preliminaiy,, bin position to the preliminary,, bin,
where the carse bin photon count ggeaterthan the coarse histogramedian Then the
average counts in the bins above the prelimidarsre calculated and set equal to
tailnoisehighand the average counts in the bins below the prelimihaaye calculated
and set equal ttailnoiselow Then we find thdin limits of the finehistogramas all the
coarse histogram bins on either side of the maximum i@@een smoothechistogram,
from the finalJ,. bin position to the final,,, bin, where the final,, bin position is that
below which the smoothed
histogram bin photon count is
less tharTh_Nc ftimes R
tailnoiselow and the finall,, e e Fistogram)
bin position is that above owana gy v ither st af the
which the smoothed histogram where the Goaras Histogram is greater
b|n photon Count |ESS than than 2 x median of the Coarse Histogram
Th_Nc_ftimestailnoisenigh.
This procedure is better able
to differentially remove
subsurface noise returns and
above surface returns.
Th_Nc_fis TBD, but we have ™| "=
usedTh_Nc_f= 1.5 in practice e 10
W|th Release 001 ATLAS data %1 5‘27 55 5|4 5|5 5‘6 5l7 5ls 59 éo 6I1 62

and this has resulted in greatly o _ o !
improved rejection of VES)=HSAVZE)=-SDH( =96+01%"-#+&01, &1 @S+

#$%-'5=49!@="*1%-+C%!S!.,&1:'@'YA:ASA'.%!.C
N o106+ <01 @ SW!*S)-+06! @IFC=321 WS 1IFGT318. - D+=!
_2’2!_##+$5#%!%_.:+&!$ | #+%.C+.c+!G.IA"#+!('==+%C',&$,5!@$5)=+'@'=!
Gasys - -1 25+ H+-L++,! ’ &+-=+,&+&!&.-.I1$,I-#+1%+(", &!$-+=.-$',16%-+CRIY
e ” =+H%$$21=A

600 [

400 [

300

200 -

Returns per 0.05 m bins & 53 km track

Jhigh
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#+$5#%!('==+%C",&3$,5!-# WX, &!-#+ Wo!HS$,!C'%$-$', %Al"#$%! . == BF §Bi%0! ., &!
-$*+%!1=+C=+%+,-%!-#+1 @ $=%-!$-+=.-$'", ", | %) SBHY.-$%-$(%0 0! H)- - #+1#$54#+=!
**+ -0 =+1+2+D.-+&!HJ!D.=$.-$',%!' @!-#+!*+., IL$-#!-$*+16'=1&$%-., (+; A=+ @'=+0!
(.20)2.-+!-#+12+.%-1%B).=+%!2$,+.=!1@$-!-"1-#+%+!D+=%)%!-$*+!6'=B&SH- #{H; Al
(,%-.,-.,&!@%$=%-!'=&+=!('+@ @$(HPIYB0! D! @!-#+12$:! @$-)%+&! @'=!&+-=8&$,5
$8&"BO(BO&A$%-$3,*8&:"%&0/*&8* 9RO H-=.(--#+* 1 @="*I-#+1&.-.I' @ Cgs)>4-"!
J$+2&!. ==.Hest @!&+-=+,&+&!ICH#'-' #+$5#%0!.,&.%%' ($.-+&!5+2'(.-$',1&.-. Al

YAV="*1-#+] #+$58%0! @ksP! (=+.-+-#&+-=+,&+&! (. =%H¥$%-'5=.*0E,02ISTI*IL$-#HS$,!
%$"KL6"GEOFASARWES Al'#+,!1=+C+.-1%-+CY88! 1%)H%-$-)-$ 51 @' Ea®

TA 1',%$&+=$,5!-#&+-=+,&+&!.=%+#$%-'5=*.== JE/0!C+=@"'=*].lgIn:W* fGS!
HS$,!6+A58M$,%;!*'D$,5!HS, I=$-#*+-$(. D+=.5+!$,(=+*+,-+&HJIS'H$, Al<.&!-#+1+,&%!
'@!-#+H1%*"-#+&1#$%-'5=*ILS-#l @-¥:!H$,%!6+B).2!-#+1%*"-#+&!@$=%-!.,&!2.%-!
D.2)+%;!-"1* - (#]-#+12+ 5-#'@!-#+!'=$53$,.21#$%-'5=*A

RA"#+!F8F8!TASH@s thebin limits of the finehistogramas all the coarse histogram bins on
either side of the maximum in ti2®-cm smoothechistogram, from thd,, bin position to
the J,,, bin, where the smoothed histogram bin photon cougrteaterthan the median of
the smoothed histogram photon countptactice with preliminary ATLAS data the
median has usually been zero. Essentially, we have moved out from the middle of the
histogram until the histogram levels fall to zéro.

As of 6/4/2019, the developmental code finds preliminarypthd&mits of the

fine histogramas all the coarse histogram bins on either side of the maximum2@-the
cmsmoothedhistogram, from the preliminaiy,, bin position to the preliminary,, bin,
where the coarse bin photon coungiisaterthan the coarse histogramedian. Then the
average counts in the bins above the prelimidarsre calculated and set equal to
tailnoisehighand the average counts in the bins below the prelimihaaye calculated
and set equal tilnoiselow Then we find thdin limits of the finehistogramas all the
coarse histogram bins on either side of the maximum i@@en smoothechistogram,
from the final J,, bin position to the final,, bin, where the final,, bin position is that
below which the smoothed histogram birofn count idess thanTh_Nc_ftimes
tailnoiselow and the final,,.bin position is that above which the smoothed histogram bin
photon count igess thanTh_Nc_ftimestailnoisehigh. This procedure is better able to
differentially remove subsurface iseireturns and above surface retuwds.have used
Th_Nc_f= 1.5 in practice with Release 001 ATLAS data and this has resulted in greatly
improved rejection of subsurface retuins

XA "#+!1=+%)2-$,&! 1$%!-#+! @FY6-'5=*I'@t+(+$D+&)=@.(#+ $5#%0!- ' HHPo+&!$,!
@)=-#+=!.,.2]%B%A-$*+1%+=$+%!'@!. 224+$5#% ! %-'=+& Gk #.- 1 2+ H+-L++ !
#+354#%!('==+%C",&$,5!-#+!1%+(', &!$-+=.-BMxL., &!-#+ WoIHS,!IC'%$-$', Le$2 2+
%.D+&!@=D+!.,&!%+.1%-.-+H$19%.2J%3$%8+(-$',| YA:A:A

W7ATA(FHS&HS(+".(+B B"(K$.%(9%B$1.B$&>( +$@'$)$H. B(N.T"(?"$@AB
F9!.196$&+!(.2()2.-$', 0IL+IL$221)%+1-#+10%6C .-$.2!=+('=&! @1%$5,.21CH#"-' 1#+$5#-%1& +=$D+&!
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%)=@.(+'H#+SBEHSY H+S5#-1=+('=&!#.%H++,1&+-=+,&+&!&)=3$,5!1%)=@.(+ @$,&$,5!.,&!-#+!*+, ]
'@!-#%$%! @%$-162%,+.=! @%-!(+ DREIM2BANY A:ASA ™ 'D+=1-#+IC'%$-$',%!' @!-#+1%)=@. (+!
&+-+(-+&!C'$,-%!%)%-IH+!.&&+&!H.(C!-'1-#+1%)=@.(+1#+$5#-%!-'1$,(2) &+!.22188G I $ A= +(
AS-#!-#$%1#+$5#-1=+('=&AHH%'2D+!-#+1%-=) (-)=+'@!%)=@.(+!L.D+%!D+=%)%!.2',5!-=.(c!
&$%-.,(+!.,&!-#+!D.=$.-$',I$,ICH# - 1=+-)=, 1= -+1-'14%6-$* .- +1%+.1%- .-+ HS. VHAI$ #+=+,-2]!
#$5#1%C.-$.2!=+%'2)189!/178.9 1L.$22!.22'L1)%!-'1*+.%)=+!-#+1D.=$.1$,1%)=@. (+#+$5#-!
'D+=1-#+12.=5+!+,+=5J1(',-.$,$,5!%)=@.(+!L.D+%!-#.-12+.&!-'1%+.1%-.-+H$.%Ald+!$22!.2%'!
C,'LI-#+ICH#'-" I=+-)= 1= -+1.2' 5I-#+IL.D+%AI?D+=! -#+!'(+.,1%+5%+,-%!6+B)$D.2+,-1-'!
bOWWW!(.,&$&.-+!%6$5,.2!C#'-' %!'=IXIc* I LA#S(#+D+=1$%!R+REA2 & +-+=*$,+1%)=@. (+!
#+$5#-1D.=$.-$' 1. &ICH#'-' 1=+-)=1=-+1$,ISW| *1.2'5 9=.(c!HS$,%A!"1(.2()2.-+!-#+IC#"-")!
=+-)=, 1= - HCH= -+ =1$-IL$22 I H A+ +(+%%. =01 1% =-1-#+ICH#'-' 1#+$5#-1=+('=&!$,!.%(+,&$,5!
'=&+=I'"@!.2", B=.(C!&$%-.,(FAIV="*1-#+1#+$5#-1 &ICH-' 1= -+I=+('=& %L +!L.$22!("*C)-+!
H#+1('D.=$.,(+'@!%)=@.(+#+$5#-1. &ICH- 1=+-) =, |1= -+ A1 *H$ +&IL$-#!-#+.D+=5+IC#-'!
=+-)=, 1= -+0l-#+!('D.=$.,(+!' @ 1#+$5#-1., &I=+-)=, 1= -+I$%!-#+1%+HH$.%!.(('=&$,5!-'!

+B).-$',! 6SS;Ald+!(.,!.CC="O%*.-+!-#+1%$5 H@'L.D+1#+$5#-168d4;!.%!@")=!-$*+%!-#+!
%-.,&.=&!&+D$.-$',!' @!-#+HID+=.5+& #+$5#-%A!

\Z[( *J:5/M( 8&## " HBS$& (.>(7'B"#L#"B.B$& (&) (BA"(+1#).H"?"$@AB-$%B#$Q1 B$&’

" =+ =L $,1$%0%)+%!$, |&+=$D$,51%)=@.(+1%-.-$%-$(%! @="*|-#-+H EE5+% LD
%)=@t=+@2+(-+&!C#'-',%!$&+,-$@$+&!$,-#+1%)=@.(+!&+-+(-$',|C#.%+!. ,&!*. $@+%!$, - #+! @S, +
#$%-'5=*0F, @ @8+(-$',|YAR#+%+! =+|('==+(-$,5!-##+$5#%! @'=-%1%6-=)*+,-1$*C) 2%+

=+%C' Y4818 +=$D$,5#$5#H+=I'=8+=1**+ 9p!' @!-#+!('==+(-+&!%) = @-$5H&$W%$H)-$' Al

W7XVK"L#.B$'@(BA"(<H'#B.$'B2(>1"(B&7'%B#1I"B($IL1-%"(#"%L&'%" ((

"HH1=+(+$D+EX 54N @!1%)=@.(+H=+@2+(-+&!ICH'-' %! . =+!-#+1%)*I' @+S5HR@ - #+1%)=@.(+!
C2)%!.,)),(+=-.$,-d1&)+!-"l #+1$,%-=)*+,-1$*C)2%+!=+%C"' Y%o+Al"#+12.--+=1$%0!-#+!-'-.2I'@!.22!
$,%-=)*+,-1),(+=-.%,-J0'H)-1$-1$%!&"*$,.-+&HI, (+=-.$,-0!$, |- #+]-$*+-#+1$ & D $&) . 2!
C#'-',%!.=+ -=., %*$--+&AI"#-H"3F8! ), (+=-.$,-0I$,! #+$5#&)+!-"1 $,%-=)*+,-1$*C)2%+!
=+%C',%t$22!#.D+!.1%-.,&.=&!&+D$ DI T (*AIG+H(.) Y% +!-#+1$,%-=)*+,-1$*C) 2% +!

=+00C" %% (+=-.%,-J!.,&!-#+1-=)+! #+$5#D.=3$.-$',|.=+1.&8&$-$D+0!-#+!=+(+$D+&!%)=@.(+!
C#'-',1&3$%-=$H)-$'0E, 0!$%!+B).2!-'I-#+!(',D'2)-$',I' @!-#8¥,%-=)*+,-1$*C) 2% +!=+%C", %+
#+$5#+=="=8$%-=$H)-SEQD! &!- #+!-=)+#+$5#8$%-=$H)-BEvD

! E, InNlEUV}EY! 6S:;!

Lt+=+H&+,'-+%!(',D'2)-$',Al1' %+B)+,-2J0!1$@!L+IL.,-I-'Ic, LI-#+1%-.-$%-$(%!' @!-#+1%)=@.(+!

@="*1/178.-9!=+-)=,%0!L+1*)%-1&+(',D'2D+EJ@="E, -'I5+-1 EYA

|@!L+Ic,'LI-#.-! Ev$%!.1U.)%%$.,!&3$%-=$H)-$1RJ!, ++&!(',(+=,1")=%+2D+%("*C)-$,5!

L &1%-., & =&I&+DS.-$' ! @!-#+18&$%-=$H)-$' Al4'L+DB=1+OCH(2+(+$D+&!'(+.,!

%)=@.#H$541%!-'1&+C.=-|@="*1.1U.)%%$.,|1&$%-=$H)-$' |H+(.)%+!'"@L.I(*H$, .-$', |-#+1%%6#.C+!

541

Release Dat@1 Octdoer 2019



ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

'@!%)=@.(+'L.D+%!-7&#", 9,$@'=*1%+*C2%$,5!&)+!L.D+ B,&)(+&!D.=$.-$',%!" @!%C+()2.=!
=+@2+(-$', Al/,\.&&S$-$' - I-#+1*+ 1 &1%-.,&.=&!&+DS$.-$'O-#+!-#$=&!.,&!%+(",&!*"*+,-%!
6%cC+L,+%%0!.,&!C)=-'%%$%;!.=+1.2%"1$*C'=H@AHIC, +LI#+!-=)+1%.*C2 #+$5#960 ! () 2&!
(.202.-+! -#+%+!*"*+ -001.96196*C2+!*"*+ ,-960! +ATAG-S#1%0. *C2+1*'*+ -1@'=! Yd@="*!-#+!
-$*+1%+=$+%H@DHYID

! MA(Y)=2" (%1 ¥)"s 6S;!
i=1

=1 YL #+ 8RSV (=+@I=H!' @ -#+1$, -+5= 2V BHEHIC="H.H$2$-J1&+,%3$-0!@), 0%,

;I;(Y' Ml) Y)dY 108@!L+!c, +EZY[Al

AL +D+=01-#4$, %-=)*+ -1$C) 2%6+1=+%6C" I&+2.J0I"01., &I-#+1=+(+ SDHEB5HOIK B+

$,8+C+&+,-1.,&!.88$-$D6, NUOY: 0%6'1$,1C=$, ($C2+I$-1$%!C'Y6%$H2+1-"1(.2()2.-+1%6 *C2+!

x4+ -001@'=1~1@="*1-#+1% . FC2+1**+ -0 @!"., &K @
!

! Mi(Y) = My(R)! My(T)" %ﬁR!%ﬁTi ] 6SY!
|
! M2(Y)=M2(R)! Mo(T)" i#(R' R) Iﬁ#(TIT) 6ST!
|
! Ma(Y)=M(R)! MoT)" %gl(R! R)" ;i(mf)g I 6SR

M4(Y)=M4(R)! M4(T)! Mo(YI)M(T)

"i# IR) = #(TIT) ! MoAYIM (T
4 (RIR) 24 (11 T) (OM(T), ssx

!

"H+%b+190. X C2+ ¥+ 901 LS2H+(.2()2.-+&! @' =!-#+!/1 T8 #+$5#%6).9%!. | (#+(c!',1*'=+! +O.(

*+-#' &UAIAL+D+=@+,&$,5!@)=-#+=1%-)&JI0!$-1$%!"GEL#+-#+=1-#+JIL$22IH+!$,(2) &+&!$, | -#+!

F"3S:1&.-.I"-C)-Al"  #+1),(+=-.$,-J1$,106.*C2+1**+ -9%1$%1%$5,$@$(.<H#=($D.20!C+=%',.2!

(**),$(-$, M ,&-#SBI(+=-5,-0! $%!(*C"),&+&ILS-#I(*HS,.-$',%!%)(#!.%! 6SYBSRA!

"#+%+IC="H2+*%0! =+1B+!- 1H+C.=-$()2.=2J1$*C'=- L #+,12"c$,5!@'=1%*.22!D.=$.-$','$,!

%cC+L,+%0M /M ? 0,&!+0(+%%!c)=-"9b% /M2 | 3A2C-$*$"+&!.CC=".(#+9@D'=!

&+-+=*$ P, 51-#+ %%+ 001" @!-#+#+S5H#E&$%-=FH)-$-+B)$=+E.-| L+1%+C.=.-+#++@ @+(-I'@!

$,%-=)*+,-1$*C) 2%+!=+%C', 4@ ="*-#+!=+(+$D-H&B5#%6!- 155D +!)%!-#+!8&$%-=$H)-$',!' @!

%)=@.(H+SSHOEVAI" &' 1-#$%!L+1%)%-18&+(', D'2DHEU@="*E, A
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E+(,D'2)-$,!(.,'H+!&",+!$,1%+D+=.2!L.J%A!"#+!/,2. &!d.-+=!F"GE! 6F"3%5 ;!|+OC=+%%+%!
#+1(,D'2)-$','@!6S:;!@'=!-#+1=+(+$D+&!#$%-'5=.*1.%!-#+1*)2-$C23(.-$',!' @!.!*.-=3$O!
=+C=+%+,-$,5!-%1%0-=)*+,-1$*C) 2% +!=+%C', %#6$%-'5=.*1-$*+%!.|D+(-'=!=+C=+%+,-$,5!-#+!
%)=@.[#H#$5##$%-'5=*Al"#3%!*.-=30!$%!$,D+=-+&!.,&!*)2-$C2$+&!-$*+%!-#+!=+(+$D+&!
#3$%-'5=*1-"1J$+2&!-#+1%)=@.(+'#3$%-'5=*Al"#+]-+(#,$B) +!$%!=+C'=-+&2J!%+,%$-$D+!-'IC="C+=!
HS$,,$,5!-'IC="&)(+!.! *.-=$O!-#.-1(.,IH+!$,D+=-+&A

E+(',D'2)-$,!1(.,] .2%H+&' +IHJ!-.c$,5!-#+\V)=$+=!-=.,%@"'=*"@S:;!.,& !,'-$,5!-#.-1-#+!
V')=$+=I-=.,%@'=*06!0!'@!-#+!(',D'2)-$',I'@!-L''D.=$.H2+%083; N'F6E, ; L FAE\ Ev;!$%!

+B).2!-"1 - #+IC='&) (' @!-#+V)=$+=1-=.,% @"'=*I'@!-#+!-L'|D.=$.H2+%0!

! E, 88[nFEE, ;n FEEUWEy;n F6Ey;, FeEYy;! 6Sbi

L#+=+BI$%!-#+I1L.D+,)*H+=1$,1),$-%!" @BO!-#+!V")=$+=1%C. (+!("),-+=C.=-1-#+$53 |
*+-+=000¢+1#$%-'5=*1$,&+C+,&+,-!D.=$.H2+AIVESbOILH., (*C)-+! Ev.%!.,!$,D+=%+!
V)=$+=I-=.,.%@"'=*B"'6!' @!-#+!=.-$'' @EE ;|.,&! FeEy;0

! Evn F'6F6E, ; /FEEy;;! 6S\;!

"+ C="H2+HILG-#1-#$%! CQHISY0!-#.-1-#+=+1$%1$,D. =S IHRD+1$, I-#+1=+(+$D+&1%$5, 2!
#$%-'5=*0E, H#.-1C="8)(+%!%3$5,$@3(.,-|D.2PHFKAE ; |.-IL.D+,)*H+=0%!L#t+=+FeEy; #.%!
06*.221D.2)+% ' =IN+="%4$F6* JW# D+1%"+-#$ 51,1 (** IL$-#IC="H2+*'@!(,&$-$.$, 5'@!
1% =BOIS, 1-#+I* -=$OIS, D+=06$", 1-+(#,5B)+Al/, ., JI+D+ #8%6+1), =+.2$%-$(|(*HS, .-$', %!
* CH-HHIS, DH=0%+IV)=$+=1-=. % @'=*1),%-. H2HK),- | @'=I-#+,'$%+!$,! E, OIL+' %$8&+
d$+,+=18+(,D'2)-$,0 ISILHS(HIS-1$%!.96%6)*+&I-#+ = EH+&1#$%-'5=41$%!( - *$, .- +&IL$-#!
'$%-+01Z0!.,8S:;1.,&! 6ShiH+("*+ !

! E, INEJHEV]! ! 6:W1
& IL#+=+EZ8LFEEy; HEvZ8NFEEY; OF, Z8[ILFEE, ;0!.,&1Z8[ 'L Fd ;0

! E, 88[!n EWZ8[E/Z8JolZ8[ ! 16:S; !
F, 4%-$*.-4EvZ8]@'Ev#Z8] @!-#+@'2*

! Ev68[n!- 68[IE, 6¢;/E6C; 6::; !

$%!%')5#-1%) (#!-#+1+OC+(-+&!D.2) BY@EE v#(6C;; 1$%01.1*$,$%)*Al"#$%!$%! @"),&@'=
- 8[n FeEy;: /[FEEy; 0 FE5&'#; f FEEY;: mIgFeEy; /[F6Ey;: 0 FAS&'#; f FEE, ;: nllB:; |
L&

! Even F'6Ev#@B[[NF'6 68[FEE, ;/FeEy;;! 6:Y;!
V'=IL. D+ H+=%|L#+=+1-#+8 D+=006155,.2','$%+!=.-$'AFE5& #;: f FeE, ;: 08%!2'L!=+2.-$D+!
-1 EWBC;0IZ8[ 15'+%!-1' +1.,&! +B).-$',! 6:Y;!=+D+=-%BS\; Ald#+=+1-#$, D+=98%55,.2!-'!
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,'$%+1= -3\ SHBS5#164#F55#!,'$%+AB[ 15'+%!-" 1N +="1 &I-#+!'$%+$%! @$2-+=+&!")-!'@!-#+!
=+%)2-$,BY+Z8]A

W7XVBA.#.HB"#$US$' @ (BA"(,. >&I(+".(+1#).H"  (

"B HAY0- 14+ #'81 @' =18 +-+=*$, $1B0. *C2+ 1% %+ OIS0 1 H+ 1% +-#&I' @ 1% O$*)*12$c+2$#" &
613;AIV'=11&$%-=$H)-$,I'@!c,'L,1-JC+ (X\ 1L, , ; ;) B-#+'C-$)*IH#HS(+'@! C.=.*+-+=%D
Lirss O1@'=18-1D.2) 40 Xy o X; oo X, 101 =+ 1400+ ILHG (I OB S+ 14+ 12$C+ 2 ANN

! L(u1,2,3,4\x1’x2’x3 """ “xm): H f(x \:u1,2,3,4) i 6:T;!
i=1

V'=Y178.- Q1%+.19%)=@. ¢H$5HAL +1.=+1,"-106)=+'@!-#+1@'=*I' @!-#+IC="H.H$2$-J1&+,%$-J!
@),(-$',IH)-1 (%' 2J1-#+1'(+.,196)=@. (+1#.% I H++, | (#.=.(-+=$" +&IHJI-#+1U=* Ql#.=2%+=!

=+C=+%H&$-1HI*$O-)=+"@!-L'1U.)%%$.,' &$%-=SHPH 9&! | &

[

flx\ /'11,2,3,4) =m,N,(x;\ l’lal,Z) +m,N, (x;\ /Jbl,z) "
m,+m, =1 )

! 6:R:!
G&I-HHI-LT R+ L0l @1+, (#1&$%-=$H)-$',!C2) %! -#+1*$0$,5!=.-$D) T? A!IUSD+,!-#+19G) £ +!
#+35##$%-'5=*0!-#+IC.= *+-+=%!'@!-#+!-L'1,'=*.21&$%-=$H)-$',%!.,&!-#+!1*$0$,5!=.-$'! (.,
H+ & +=*$,+&IHJ*.O$*)*12$c+2$#"&A

"H#+1.55=+5.-+1*"*+ 061'@!-#+!1U.)%%S.,*$O-) =R ILS-#$!(*C',+,-1U.)%%$.,!
&$%-=$H)-$!,%+'@),(-$',. %! @!-#+!("*C',+,-1*+.,% 0k 4.,&!D.=3$.,(+%0 ¢ 0., &!-#+1*$0$,5!
=-$'0P gy

!

' 2 ! itk k
! E[X! mix’]:" ) miE[ X! ]1 6:X;!
( IJ ) i:lk:Ok!(J! k)l(u IJ ) ( IJ)
!
V'=1+0 *C2+0!-#+1.55=+5 -+*$0-) =+1*+ ,1$96Q
!
I
! ! !
! Hrix = My + My, ! 6:b; !
!
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L&!-#+1.55=+5-+ID.=$.,(+!$%Q
|

| P = (i ) 1 2) e my (" )+ 2) 6:\; !

!
W7XT8.a$111(:$0"-$A&E>(I"#%1%(9aL "HB.B$&'(S.a$I$U.BS& (

[)-#+11-2 HI(&+)%+&!@'=8+D+2'C*+,-I' @!-#+F"3S:1%'@-L.=+0!.,|I70C+(-.-$',!
|.O$*$".-$',1671;1('&+165*&$%-=$H)-$, A@S$-;IL.%!) % +&!-'1& +=$D¥C" +,-1U.)%%$. !
1$O-)=+@$-!-'1-#+1&+=$D+&!%)=@.(+!&$%-=$H)-$' Al"#+1*+. 1 &ID.=$.,(+I'@!-#+!-L'1U.) % %$. !
8$%-=$H)-$'%!.2' SILS-#I-#4$0$,5!=.-$'1.22'L%! @!-#+1-L'1U.)%%$.,%!.22'L%o!-#+1.(()=.-+!
&+-+=*$,.-$' I'@!-#+!*'%-12$c+2J @F5=%-1@")="*"*+,-%!' @!-#+!&$%-=3$H)-$',' @!%)=@. (+#+$5#-All/,!
&$%()%%$ ! @!-#+1&+D+2'C*+,-. 21('&+1=+%)2-%!.,&!+0.*C2+%!$,18+(-$', I TOIL+IL$22!=+@+=!-"]
70CH(-.-$'11.0$*$7.-$',01H)-1/,%-+.&'@! TOC+(-.-$',11.0$*$".-$', 01-#+FBF8IV'=-=. | ( &+
&+D+2'C+&!@'=!F"3S:1)%+%!-#+!1.0$*)*I3$c+2$#"&!.CC=".(#"@!F"3WX!FCC+,&$0!7!6%#'L !
$,IFCC+,&30!1!"'@!-#$%!F"'GE;!-"&'-#811)%%3$.,1I$0-) =+ @$-AlV'=1%J,-#+-$(1-+%-1&.- .| -#+!
V'=-=,11.0$*)*I13$Cc+2$#" &I C="&) (+&!+B)$D.2+,-1=+9%) 2-1-'1-##+11.-2. HI7OC+(-.-$',!
|.O$*$".-$',1.CC="(#0!.,&!@'=!(', %$%-+,(JILS-#IF"3WXO0!F8F8IF"3S:IL$22!)%+!.O$*)*!
3$c+25#"&A!

|

\Z\( 8.-H1-B$&'(&)(<'H"#B.$'B2 (

d +#.D+@'"),&-#+IL.D++,DS=" *+ - Ol=#+=1-#.,1$,%-=)*+, -.21@.(-288%!C="H.H2J!-#+!
H$55+%-1(',-=$H)-'=1-"1),(+=-.$,-JI$, 1+00-$* - +00!' @-#+1*+., 1884885 %61$%!$22)%-=.-+&IHJ!")=!
.2J%$%!' @1%)2-$C2+1'(+.,1%+5*+,-%196)-H#+=, IC.=-I' @-#+(+,-=.217'=-#1<. (S @ HGUo+!
%o+5%+,-%6106# LID.=$. HE2$-JI$, |- #+$=+ _ID=@ . (+1#+$5#-%!'@!.CC="O$z MEAS: 01*) (#!
S+ -+=l-#., ILH&IHOCH(-1@="*1$,%-=)*+ - 21 @.(-'=%A!"#+1%-., & =& +EDEDI-#+1+06-$* -+%!
'@!-#+1*+., | =+15$D+ 1HD

| Il

where! , is the standard deviation of the population Alaa the number of degrees of freedom.

If every one of the ~ 8,000 photon heights were independent, even with a SWH =/25 m (

.625 m), the uncertainty in estimates of the mean would be less than 1 cm. The problem is that
owing presence of long large wes; successive photon heights are far from independent. The
fact that the underlying wave signal is periodic makes the estimate of the effective degrees of
freedom in terms of correlation length scale more problematic. As a worst case ifNyvepaal

to the number of wave periods in the ocean segmeim, tb® case of long waves crossed at an
acute anglethe uncertain@! \O!$,!-#H%-$* .-+ @!-#+1*+.,! +B).2%!WASR!*0!(2'%e#h+, !
884!L+1%++!'D+=!1*, J1%$*$2.=!"(+.,1%+5%+,-%Al"#$%!C="H2+*I1$%!,"-1$,%-=)*+,-.2e!3$-1$%!>) %-!
* &+1.CC.=+,-IHI-#+| H$2$-J"'"@/17&L"1=+%"2D+!L.D+%A!I"12'L+=!-#3$%!),(+=-.$,-JO!L+!.=+!
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+0C2'=%$,5!)%3%$,51#.=*",$(!.,.21%%$%! @!%)=@. (+'#+$5#-I'D+=!+.(#!"(+.,1%+ 58 Yo +!'@!-#+!
A+="IL.D+Q)*H+=1 *C2$-)&+!-'1=+C=+%-+,-188416EA!<+=($D.20!C+=%",.2!("**),$(.-$',0!
'WS\;L%!LILJ'@!=+*'D$,5!2.=5+IC+=$'&$(!D.=$.-$',%!$, 1#+$5#-1.%1.1(.)%+'@!),(+=-.$,-JAIF!
@)=-#+=1.&D.,-.5+'"@!-#$%!.CC=".(#IL$22!H+!-#.-1$-1L$22!. & &3+ @IL.D+1%C+(-=.2!
C="C+=-$+%!-"IF"3!S:Al/,!.,J1+D+,-0!L+!L$22!#.D+!-'1&+=3D+!*+.%)=+%!"@!-#+!+@ @+(-$D+!,) *H+=!
'@!&+5=++%!"@!@=++&"™*!.%!.,|F'3S:I')-C)-1@"'=!+.(#!'(+.,!%+5*+,-1$ I'=&+=!-"IC="C+=2J!
(0),-'@'=)),(+=-.%,-$+%!$,!-#+IF'3S\I15=$&&+&!884!C="&) (A

|

\Z]( *J:56M(P#$>>$@(BA"(=;J(>(++?  (

"#3%!C='&)(0!H.%+&!+,-$=+2KHA'&) (-'F"'3S:f3 FIL$-#!,'1+O-+=,.21&+C+,&+,(+0 !(',-.$,% !
5=$&&+&!*' -#2J1+%-$* .- +%!%# %0)=@.(+' @="*.22&.(c%! @="*!-#+!H+53,,$,5!-"-#+!+,&!

'@+ (#*-#AIG+2'LIRW,Z!., & H'D+IRW|80!-#+1&.-.|.=+1* CC+&!" |-#+!()=D$2$,+.=15=$&!' @!
HH"2<Tif<%+$&',! L$-#1%C.($,5!+B)$D.2+,- - IWA:T|I'@!2', 5$-)&+AIFH'D+IRW;jZ!., & H+2'L!
RWij8!-#+I5=%&ta are mapped onto a planimetric grid using the SSM/I Polar Stereographic
Projection equations at a grid spacing of about 24 km. The exact spacing of the Polar
Stereograplu grid should be adjusted to match the longitudinal spacing of the TOPEX/Poseidon

grid at 60iS and 60iN, and the latitudinal spacing adjust to have an integer number of grid cells
between 60jN (S) and the North (South) Fole.

ATL12 Outputs for Input to ATL19
Mixture

DOT mi, m2,

Trends M1, U2 Geoid DOT SSB,
Over Li3s G1,6: SSHMoments forBeams1,3,5 Avg Histograms SWH, SWE
Beams Beams Kuss Xizs Ouss Muas Beams Beams Beams
[TT TTT TTTTTT I’ TT1 T 11 T 1 11
135 135 135135 135135 135 135 135

PSSR ST ST T ST ST SR I N N I . | L1l 11| 111
¢¢ ¢ ( Choose m1, m3, ms length segments in a grid cell in one month

LA

YYY _YVYYYVYY YYYYY Yvy Y
c L Combine
o < = m=mi+mz+ms DOT histograms
Ua, Oa, Za, Ka, &¢ p P bined
of m=mi+ms+ms moments: Compute
Uerzs, Ouizs, D135, and Kus,s, average of m geoid heights = Gm

add to mean DOT for mean SSHm

RNy

M= 5. a2 Ka Um= Gm ¥m Km Gm SSHm
DOTa DOTm

V$5)=+IS AlG2'(Cl&$.5= *1@'=I-#+IF"3S\I5=$&&$,5!C="(+&)=+!-.c$,5!F"3S:'(+.,|C="&) (-%.%
$,C)-Auol 080!.,&!" 1&+,"-+*+.,01%-.,&.=&!&+D$.-$',01%c+L,+%%0!.,&!c)=-"%$%!=+%C+(-$D
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1Z4( *:P;,7J?S(7SF:9S9XJ* J7:X (
U:&I#B(85$! 7# B>& @#'|(:#!'=#B&.&BI&?="#7#3$()(8&5%$!5.1(:#1)*O5>& (:?1.5>1=>50>) 21 THVH*5=2#$(+
1Z5(  ;1B-$"(&)(FH&H">1#" (

S;! V$,&3,5!-#+!%)=@%%+@2+(-+&!CH' -#4H$5#%!$, -#+IC#'-' ,1(2) & |
o 1 1.=%+18+2+(-$',!.,&!8+--$,5!'@!8+5*+,-13+,5-#0Q
S%+!L.1*+&$., H.%+&!1%+2+(-$58-+=3'-'1.(()*)2.-+.12.=5+] ) *H+=""@!%)=@.(+ 9
=+@2+(-+&!C#'-' JoA
H;! V$,+14$%-'5=*18+2+(-$',.Q
S%+!L.1*+&$., H.%+&!1%+2+(-$55-+=3'-'1&+=3D+!.IC=+2$*$,.=J1%)=@+HI5#
#3$%-'5=*0!(*C)-+!-#+*+ 1. &!-=+ &!$,1%)=@.(+! #+$5#0!=+*'D+!-#3$%!-=+,&! @="*!
222%4+35#%0!.,&!=+C+.-I-##8&SF., H.%+&!%+2+(-$',!(=$-++8&+=3$D+..!@$,.2!%)=@.(+!
#+35##$%-'5=.*!
5 1s%$,5!-#+1.2" 51-=.(C1%%$5,.2!IC#-' #+$5#-%! @="*1-#+@$, +!#$%-'5=.*1%+2+(-$',1%-+C!.,&!
%3$5,.2!IC#'-' | 1=+-)= I= -+]-'1+9%-$* .- +1%+.1%-.-+!H$.%!.,&!%)=@. (HLIF'C+=-$+%A
N 1'==4(-$'.,&!,-+=C=+-.-$',I' @!-#+!8)=@.(+4+$5#E$%-=$H)-¢,!
. 1 8+C.=.-$,5!-#+1s,(+=-.%,-J1&)+!-'l/,%-=)*+,-1$*C) 2%+!=+%C", %d+
S%4d$+,+=18&+(',D'2)-$' |- 18&+=$D+!-#+1%)=@ . (H+$5##$%0-'5=* I L$-#!-#+!
), (+=-.8,-J1&)+!-"1-#+1$,%-=)*+,-]  $*C)2%E+%C',%+!=+*'D+&A
Hil 1#.=.(-+=$"$,5!-#+K.,&*!18+.18)=@.(+!
1#.=.(-+=$M+1-#+1%0) = @H+B5HH#S%-'5=%1.9%!.*$O-)=+'@!-L'l,'=*.21&$%-=$H)-$',%!
L&1(.202.-+DCI-TY #x %y I'@1-#+1%$0-)=+ A
(;! 1*C)-+!-#+*+,,0ID.=$.,(+01%cC+L,+%%0!.,&!C)=-'%$%! @'=!-#-=#5H-+U.)%%$.,!
*$0-)=+1)%%$,5!7B).-$',|SXel-#+1@$,.21&+-+=*$,.-$',I' @ |8@L I F"3S: 5% - #+!*+ ! @!
-#+1.55=+5.-+1*$0-)=+1&$%-=$H)($'T)-+&!)%$,5! 6:b; !.,&!-#+1884!D.=$.,(+!$%!
5$D+,!H&E:\; A

12/ ( T'L1B(F.#.1"B"#% (
L7ATKF #£.1"B"#%(,"c1$#">#&I(789+.B  D(=.B. (

8++1" H2+9%1,&! * AIV'=IF"3S:0l-#+IC=$*.=J1$,C)-%IL$221H+IC#'-' 1#+$5#-%!$, I-#+1&'L, 2$,C!
H. & &1.9%%' ($.-+&!1-$*+05+2'(-$', O¥-+I5+$&IE",3 ;0Y+.,1-$&+9464,3"/-5"$6 O
4,3"/"78#,9+,8: ;01 &1&), *$( L-*%CH+=$(I(==+(-$', 163$5:1$,@'=*.-$',|@="IF"3W 0!
C2)%#-+1(2") & @2.5H8."+/0#$1$, IF"3W\; H+D+=JIYWW!2.%+=1C)2%+%! @3+ "GV
&+C-#8!';4</-56 01@="*1$,-+=C'2.-+&!@="*1U7CAN/SY!5=$&&+&" (+.,|H.-#I*+-=A

Z'=* 22/ D+=1-#+'C+I'(+.,16'=1%6+.1$(+:1=+5$', %!, -'D+=2.CC$, 5IL$-#!-+==+%6-=$.2!'=I$(+!
Voh++-153' 0601-#+1&'L,2$,CIH., &ILS22IHHZISTIHI(+,-+=+&) H')-1-#+1%6$5, 2! =+ 1$&+,-$ @$+&!
HI-#+IF"3F8!', H'.=&!@2$5#-1%' @-L.=+Al/,I-#+1'(+.,|=+5$',%!'D+=2.CC$,5/L$-#12.,&!., &I$(+!
ott++-1=+5$' %01-#+1&'L,2$,c!H.,&IL$221+0C., &!-'1* - (#l-#+H.,&! @'=!-# %o+ 1=+ 5 $ 2% AE'=!
F"3F8106C+($.2!'C+=.-$',%61%) (#1.9%!'(+.,19%(., %!, &!"=., %*$--+=17 (#1<) 2%+1&.-.1('22+(-$',!
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-H#+1-+2+*+-=]JIH.,&!$%!+0C.,&+&AIV'=!-#+IC)=C'%+%!"@!F"3S:0!-#+!7Ul:WWb!5+'$&!%) CC2$+&!
L$-#IF"3W 165-Of5+ CHI%[(‘==fIC'Yo-+&!.-1-#+1:W*1.2' 5 9= (Cl=.-+1@'=1+.(#H+.* 1]

F'3[W; IL$22!H+)%+&!-"1+%-. H2$%#!-#+!, . =='L+&IEBE R L $-#3,!-#+!1+OC.,&+&!&'L,2$,c!
H.,&'@!-#+!'D+=2.C&!%C+($.2!I'C+=.-$',%+5%', %8F % &+ @="*!-#+1zBFH.,&! . H')-1-#+!
5+'$&0!,'IC=$'42.%%$@$(-$',1.%!-1%)=@.(Dp)=@.(+|CH#-' %! §%6! %$&+=+&! @44
F'3WI'(+.,1=496) 2-06 8+ SYI5+CHS, |6 YVBB) 206+ (., 1%+ 5%+ -106#) 2& I H+1.2$5 +&106'1-#.-!

4! (HICH=ISYI5+HHS, 16 Y VBB)2%+2') & @2.5465."+/O#S 1B F"3W\; I=+C=+%9p#+1(2)&!
(,&%$-$',%!&)=$,5!-#+!"(+.,1%+5*+,-A

|

Table 2 Input parameters (Source: ATL0O3)

3.H+2 E+%(=$C-9$!,! 8J*H'2 |
TH()P(&2¥ 72.C%+&1%+(',&%!%$,(+! @$=%-1&.-.!C'$,-1$,16=.,)2+ 4,1,6,4,$# !
PF)(! 2.-5-)&+"'@!+.(#!=+(+$SD+&ICHY, #$4/,6,4,9%
:P*54 2' 5$-)&+!'@!+.(#1=+(+$D+&ICH, #-6/,6,4,%#
P=:! H+$5#-1' @+, (#H (+$D+&ICH' -] <4/ 6.4.$#
dist_ph_along F2'5!-=.(c!&$%-.,(+! I

sigma along s,(+=-.$,-J1$,1.2'5  9.(c!&$%-.,(+ !

dist_ph_across | F(='%%=.(c!&$%-.,( |
sigma_acrods | s,(+=-.$,-0'$,.(='%%9=.(c!&$%-.,(# |
"HO?#H$(PAL U+'Hs$, /B #%$4/,6,4, 9%

'HO?#HP(P*#$O(: | 8+5*+,-12+ 5-#'@!+.(#15+' HS) #$4/,6,4, 9%

1, @&+, (+!12+D+2!.%%'($.-+&ILS-#1+.(#ICH'-', |+ D+,-19%+2+(-+&1.%!%$)
r+="1+B).2%!,'$%+A!?, +1*+, %!.&&+&!-'1.22'L1@'=!zISTH) @ @+=!.="),&! % 16$#/5-60
HE5HI(', @$&+,(+OIH)-1.25'=$-#1(2.%%$@$+%!. %!H.(EB)BRWI2'L! | .0 o

(, @S+, (FAI"H=++1+B). 2061*+&$)*AlIV") =1+ B). 206 HS5HA ’

'80$)*PB5$.P=:

"HHI&S=+(-$',01+.%-L.=&%! @="*!,'=-#0!' @!-#+ | BHoFD+(-'=1.%!%++,1HJ
VHY+=D+=1 - 1-#+12.948=) &1%C'-ID$+LS$,51-'L =& !-#+1%C. (+(=. @-16$/
@#)?2P)%&2I( | -HHDH(-'=I@="H1-#+15=") &1-1-#+] %C.(+(=.@-;Ald#+, 1-8%6C. (+(=. @-1$%!
C=+($%+2J1.-1-#+15+&+-$(N+ $-H#DI-#+
D.2)+IL$22!IH+N\I&+5=++0%AIYWI4 A
1' 9+ 2+D.-$,1617;1$%!&$=+(-$',|@="*1D+=-$(. 2 @UH=IH+.*.%1%++,IH

2 !
@F)?PBSV | 1 H0pt =D+ 212 +81. 142 Y6+ =15=") &I%CLA '
, HH1&S=+(-$, 01+ % L. =&%!@="1, =#0!'@ -#HDEY-'=1. %!%++,IHJ!. !
“)>P)%&2/(1 !
57)>P)%&2/(! 'H%+=D+=1.-1-#+12.%+=15=)&"-A )
8'2.=IF,52+|.H'D+I'=IH+2'LI-#+1C2.,+!-, 5+ ,-I-'-#+1+228C%'$&!%)=@. (+
'5%)>PHHV) (85$ -#+12.%+=1%C'-Al<'%$-BPHMD+. 1-#+196),1$%! . H'D+!-#+1#'=$/ 0L #$2+ |
,+5.-$D+!D.2)+%*+. 1$-1$%!H+2'LI-#+1# =N Al"#+1+@ @ +(-I'@!.-*'%CH|
=+ @=.(-$',1$%!,"-I$,(2) &+ &AI"#$%!$%!.12'LIC=+($%H,ID.2)+A
=) &I =+ | *)' = !
@BBO>7P3)(# G.(c5=).&!() 1=+  16@)BBO>7P)(*) T@BBO>7RHPC2D+=5+&! |

'D+=l-#+196+5*+ ¢
V2.51&+%(=$H$ 51$@!-#+!-=.(C1$%!$,!,'=* 21$(+M6tE6t.0l (+.,1%(., 0!
L =54l gl Q=*2 1IC'$,-$,5(',-=2 |

(>)BSP(;=#P.*JO
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"#'$%"&"( &
oo C.=% ++=l ++&+&1-I(*C)-+1@$=F#' -, |H$.%0!('==+(-$', -1+ ! .
=@P=)>?Z8[ | e GE!
O7P{ "HHH+S5H-1' @ -#+ 15+ $&!H'D+-#+1+22$C%'$& !
7B E,*$(1.-*%CH+=$(/('==+(-$'I6EF1;!$, (2)&+%!$,D+=-+&IH.="*+-+=16/( |
: +Q @B WI(*; ! '
(&TH#PH)>(: 8'2$&17.=-#1"$&+%!62 W!(*0!*.O; !
(&T#P#S/&*&@>| 7B)$2$H=$)*12' 8C+=$'&!-$&+ !
R 3.&!"$&+193'(.21&$%C2.(+*+,-1&)+!-12(+., !
(&7#P75)7 3.8$,5!6 RI-TWI(*; ! :
e | 2(+,1<241"$8+1 B'.&$,51&)+!-1(+,-=$@)5.2!+@ @@C'2.=!*-$',!',!
(&7#PSBPA5™ H#+1'(+.,%!61:1%+01*.0; | :
2(+.,1"$8+%!13$,(2)&$,51&$)=,.2!.,&1%+K$)=,.26#.=* $(1.,.2]%%$%;0!
(&7#P5B#)$ L&12' 5+= IC+=$'&!-$&16%J,.*$(!.,&!%+2@,%$%-+,-1+B)$2$H=$)*;162Y! !
|
(&TH#P=3*# <2+!"$&HIK-.-$', . 218+ @'=*.-$',1&)+-1C'2.= *-$'16 BATIFISATI(H; | !
(5(PO#5 - 2V @!-#+I5+H CHI%S(.2!=. 5HI('==+(-$', %! Q&' (*C)-+ 1+ $5#-A | !
(>5=5P7%; E=JI"='"C'%C#+=+. 5+!('==+(-$', ! !
(>5=5PX#( d+-1"='"C'%CH+=+=. 5+I('==+(-$, ! !
o P(-=# VDG 2+%+ -1 == JI$, 1-#+15+'2'(.-$',15=")CI$,&$(.-$,5!-#+1%)=@.(+! |
PG *,9%C%!-#.-1.CC2J1-'1-#.-1%+5*+ 4 '
! ! !
!
Table 3 Input parameters (Source: ATL09)
3.H+2 E+%(=$C-$', 8J*H'2 !
72.C%+&IU<81%+(',8&%!%$,(+1%-.=-I'@!-#+13=,)2+A !
T#(P(&7¥% SYo+!-#+1*+-.&.- 1.--=$H)-+15=.,)2+[%-.=-[%+(',&%0
-1(*C)-+1@)22!5C%-$*+A
) (&(/7# 3.-$-)&+0!dU8BbY0!Z'=-#n00!3.-'@!%+5*+ -1(+,H= !
*5SO&(/ TH 3',5$-)&+0!dU8bY0!7.%-n003",!'@!%+5*+ -1 (+,-+= !
B*37P)'>P=>5@ | 12')&!C="H.H$2$-J!H.%+&!"|FCC.=+,-18)=@.(+'K+@2+(-$D$-J !
B*5/7P.*0 12)&!C=+%+,-!@2.5 DB
(2)&!C="H.H$2$-J!Cn8%H=f-}SWW !
@2.5[D.2)+%Q!
WIn!(2+.=[L$-#[#S5#[(, @$&+ (+
. . SIn!(2+.=[L$-#[*+&$)*[(', @$&+,(+!
B*S/7P*OPBBS. | 11 (24 =[L$-#2'L[(", @$&+ (+!
INI(2Y&JI[LS-H2'L[(, @$&+,(+ !
YIn!(2)&JI[LS-#[*+&$)*[(, @$&+,(+ !
TIn!(2)&J[L$-#HS5H[(, @$E&,(#
457P A0 Xff;#.-!$,&$(-+%!C:'H.H2+!.-*'%C#+=+!$,&)(+&!=.',5+ !
)>! FCC.=+,-18)=@.(+'K+@2+(-$D%42; ! ) >PQ!
)>PS F8KIP).2$-JIV2.5 )>P@PQ
@0> G.(c5="),&!(),-!=.-+0!.D+=.5+&!'D+=!-#+1%+5*+,- | @QA!
62!
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B)@ 1.28H=.-+&!F--+,).-+&!G.(c%(.--+=I61FG;!C='@$2+%!@'=!-#+!K"1%-="5!| !
) '=L,&L1%) ' @-#+TH+.*%!('D+=$,516,%$,.22];!S"I-'1 Bl -L T4 |
B*5/7P=>3@ 12&! <='"H.H$2$-JIH.%+&!" |FCC.=+,-18)=@.(+'K+@2+#(-$D$-J !

L7ATAF #.1"B"#%(,"c1$#">#&I(;BA"#(+&1#H"% (

G.-#HI+-=J UIGH() Yo+ -#+!(+., 1 %CI+O-+,&%!$,-1,', 9(+.,1.=+.% IL+! ++&1IL.J-1

B-+=*$ +HILASHIC.=-%!' @I -H+1'(+.,1&.-.| =+'D+=IL.-+=1@'=ILASH)=).,.20%$%!C="(+&) =+1$%!
CC="C=$.-+AIV'=I-HS%IL+IL$22!- CH-#+1'(+., |&+B-HBY-56 01@="*I-#+IU+ +=.2!
G.#HI+-=$(11#.=- @!-#+?(+.,%!6U7G1?;:WSY5=$88+&!&.-.1%+-!

61--CUQIfLLLAS+H('A, +-f&.-.[,&[C="&)(-%f5=$&&+&[H.-#I*+-=J[&.- fl :1+D.2).-+&.-1-#+]

5+ Po+5%+ -1#$4,483" &! #-61,483"A

|

L7ATX8& BH#&-(F.#.1"B"#% () &H#(*J:5/(F#&H"%%S$' @ (

G.-#I*+-=J UI'#+1()=%+1%)=@.(+! @3$,8$,5!&+%(=$H+&!$, I TA ASIL$221$5, = +1&.-.1(22+(-+&!$,!
'(+.,! L.-+=%!L$-#!.1&+C-#t4</-56 0!2+%%!-#.,!.1&+@#A</%<-+"0!&+@$,$,5!-#+!

+@ @+(-$SD+H % H T@SA=1@'= I LASH!)=".,.20%$%!C="(+&)=+1$%!. CC="C2$+4@.)2-!
D.2)+!@'8";4</%<-+"0!L$22!H+ISW!I*A

|

12")&!('D+=!UY, -#+1()=%+1%)=@.(+! @$,&$, 5! &+IFIHIT A ASIL+1* I ++&!1-1$5,'=+1&.- |
(22+(-+&I$, 1 (+.,IL.-+=00! Ltt+=+1, &IL#+ 1-#+1(2)&! (D+=! $%!#+.DIb!$,&P(.-+81I&

#$."+/0#$ DFB). 21- ISAI"#H,-='21C. = *+-+=] #$."+/%=454L.$221%C+($@I'$@!-#+1(2)&$, +%%!-+%-!
$%!-"TH+!.CC2$@AH2!C.=*+-+= W8."+/%=454$%!+B).2!-'1S!.,&#$."+/0#$1$%!+B).2!-'180

CH'- 1#+$5#-%IL$22! - IH+$, (2)&+&!$, I-#+F"3S:IC="(+%%$, SA! . H/%=45 & B). 2% -#+!
&+@.)2-1D.2)+0IWO!-#+1%' @-L.=+IL$221$5,'=+-#+1(2')&!('D+=!$,.((+C-$,5!&.-.1&)=$,5!(".=%+!
%)=@.(+'@%,8%,5A

1Z[( F#&H%%S$ @(FH&H">1#"
L7XTK8&.#%"(+1#). H'(Y$>$'@(.>(+"BB$' @ (&)(+"@I"B(:"@BA (

"#+1C="(+%%!$%'H.%$(.22J!-' | @$=%-1+%-. H2$%#!.|D.=$.H2+12+,5-#!16 +A5A0!) C!-'IX!Ic*;I'(+.,1%+5*+,.
L$-#!+,")5#16+ASA; ICH -, 1#+$5#-001-H1-$221J$+2&1. 1#$%-'5=*IL$-#1=+.%',. H2+!*"*+,-%!)C!

S1Y #'=&+=+1%-.=-IL$-#ISY!54HS, |6 YWBB) 2%+;!%+5%+,-%!"@!F"3W IC#'-', 1#+$5#-%!6%0++!

TAAS;

I

(A)! Ocean Data Selection aBasic Geophysical Corrections

9999999999993 BIDYO999
S;! 8-+CC$,5!-#=")5#8YB+'H$,1%+5*+,-9600:*$, +1'(+.,1&+C-#1.,&1(2)&IC.= *+-+=%)!
5.$,%-1(,-="2IC.= *+-+=%!-"1-+%-1@'=1%)$-. H$2$-J!@'=!'(+.,!C="(+ %Wk &dn depth,
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depth_ocnis less than a depttiepth_shorgespecifying the effective shoreline of water
for which ocearprocessing is appropriakéi+,!|C="(++&!-'1, +O-I1SY!5+'H$,!6 YVEB) 2% +;!
%+5*+,-AThe default value for control parametiEpth_shorevill be 10 m!
8%$*$2.=2J@%H-="2!C.=.*+-+= llayer_switclh%!+B).2!-'1S!. &);#>P.*)@s equal to
1,-#+,IC="(++&!-",+O-ISY5+'HS, |6 Y WAB) 2% % +5*+,-ANVhenlayer _swtchequals the
default value, O,

the software will Table 4 Control parameters b Coarsesurface finding

ignore the cloud  C$%$9*0*% ?2*8)%-(0-"2 & N$,B*&
cover in Ke G3,!%$"+'@!(".=%+!1#$%-'3=* TI(* !
accepting data _ Z2)*H+=""@!C#"-',%!-$*+%!*+&$. ! L
during coarse U:PIBPB =+B)$=+&!-'1(2.%%$@J!.%!%)=@. S1-JC$( 2
surface finding. s, 1$,$%)* ) *"H+=""@!(.,&$&.-+!
Correct for U:RD %)=@.(+!C#-',%!C+=1%+5%},- bOWWW
for short period ~ 0#O?)8 %+5%+,-%!$,1.1%)=@.(+@$,&$,5! T!
and long period Yo+5%, |
ocean tides V2.5!&+-+=*$,$,5!1$@!2.J+=[@2.5!
9)-#5P'X (B 6):#>P'X(B:nS;!'=IL" t-! E+@.)2-In
’ v 6);#>P'X(B:InW;!H+!+&%$-$,5!C#-', W
#+35#-%A
<=+%(=$H+&!&+C-#&+@$,$,5!! E+@.)2-n!
TH#=(:P":5># 67#=(:P5BH7#=(:P":5>#:! Swi

H),&.=JI'@"(+.,!C="(+%%$,5!
|

(gtxx/geophys_corr/tide_ocean and tide_equilibniuthe inverse barometer effect and
the modeled dynamic response to the atmosphere (dynamic atmospheric correction,
gtxx/geophys_comac),
Select only photon heights for which the signal confidegbex(signal_conf_phis
greater than or equal to 1. This will select photons in the likely surfacarxlibfer
window. Also delete any photon heights outside the band defined by geodat phirsus
half the height of the ocean downlink window (presently geoidm 1t become geoid *
20-m). (Is the height of the downlink band reported inATLO3 and if so, what is the
variable name?)
To narrow the range of variability, subtract the EGM20@8id height
(gtxx/geophys_corr/geoidvaryingover meters to tens of metefigm the photon
heights so that we are dealing dynamic ocean topography varying over centimeters to 10s
of centimetersfrom photon heights to reference all heights to the gétate that
EGM2008 includes a correction for the permanent or mean tide.

(B)! Establish aNorking HistogramArray

1999999999999999999999999999999999999999
7%-.H2$%#!.,1$,$-$.2!(".=%+#$%-'5=*.==s00%C.,,$,5!ZISTI*IL$-#HS,!%$?aH"GEO!+A5A0!
WAWS!*:1&1.1&.-.1.==.J0 ) 5.5+004@'=!)C!-' ISWOWWW!C#'-',1#+$5#-%!.,&!.%%' ($.-+&!
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$,@'=*.-$,16$,&+00!5+2'(-$',01-$*+;1C2)%!,'$%-+C#'-",1('),-%AI"#$%!L$22!H+!C'C)2.-+&!
L$-#1&.-. %IL+1%-+CIl-#=")5#IB+HS$, 1%+5%+,-96+.=(#$,5!@'=!.,|.&+B).-+1,)*H+=I'@!
%)=@.(+IC#1(.,&$8&.-+% A

I

(C) Step Through 145echbin Segments
199999999999999999999999999999999999999999999999999

F55=+5.-4C#'-' 1#+3$5#-%!'D+=ISYI5+H$,%!6 Y@DN VR, &! (', %-=)(-! .I-+*C'=.=JISY!I5+ 9
HS,!16 YWBB)2%+; 1 #+$5#8%0-'5=.*1%C.,,$,51zISTI*ILS-#!HS$,1%$"*I6+t ASAQWS A!"#$5%!$%!
)%+&!-"1+%-$* - +1.1=), $,51--. 21 ) H+=I"@1%$5,.2!.,&!,'$%+IC#-' %Ald+1%)55+%-1.IH$, 1%6$"+!
'@!'WAWS!@'=!(",%$%-+, (JIL$-#12.-+=1%-+C%!$, -#+1C="(+% %S, SAS A6 YSWHTH 206+
%+5*+,-1%#")2&!H+!.2$5,+&!%0'|-#.-1-#+!" (+!C+=ISY!H$,!6 YWEB)2%+0!.CC='"0O$*.-+2J!:bW!
*1.2' 51-=.(c!&$%-.,(+;!(2")&3$,+%%! @2 .89!"+/0#$1$, F'3W\0!=+C=+%+,-%!-#+1.55=+5.-+!
+@@+(-'@!(2")&$,+%%!.,&!H.(c5="),&!=.&$.-$', | &+=$D* UD—!"+,$-#B#-83/0#SDA! !
B#-83/0#$1/$4:0!.,&!9%6-=/5-6 0!&)=3$,5!-#HHWO! %+5*+ -Al

(D)! Test for Surface Photons

1999999999999999999999999999999999999999

<#'-'%!$,!-#+ISY !5+ HS$, |6 YWBD) 2% +; 1#$5%-'5=*IH$,%!L$-#!5=+.-+=I-#., | B&/C5/3-$*+%!
H+*+8&SP. 1 ) *H+=1"@!C#'-',%0! C3 86 Ol.=+!(.,&P&.-+!1%$5,.2!CH#'-',%!.,&ICH#'-',%!$,!-#+!
HB,%!L$-#!-#+1*+&$.,!,)*H+=!"@!%.*C2+%!'=12+%%!.=+!(",%$&+=+&!,'$%+ ! NE& (¥6/55%0!
"GEO!H)-!L+!#.D+H++)%%$,5B</C5/3n!S!$,1=!1-+%-%!L$-#!+.=2J1/178!&.- Al Z'-+!-# .-
L$-#@+L!1%)=@.(+!=+-)=,%!C+=IC)2%+!.,&!%$5,5@$(.,-|L.D+1#+$5#-%!*) (#12+%%!-#.,I" WI*O! -#+!
*>'=$-JI'@!-#+!'@!-#+IH$,%!IL$22!(",-.$,1', 27!,'$%+ICH'-' %1% -#.-I-#+1*+&$., IL$22!+B).2!-#+!

) HA=I'@!,'$%+ICH#'-' %!IC+=IH$, Al 1+O-=+*+1(.%+%!L#+=+!/AT8(),-+=%!%$5,$ @ $(.,-!
L.D+#+$5#-%!.CC=".(#3,5 WI*OIL+!* JI#.D+!-'1.&'C-1.1962$5#-2J1&$ @ @ +=+,-!-#=+%#'2&!%) (#!
Y0!-#+1("),-1D.2)+!+B).2!-'I'=I+O(+ +&$,5:W{!'@!-#+!H$,!C'C)2.-$' A

(E)! Increase the Count of Surface R
1999999999999999999999999999999999999999
F&&!-#+!,)*H+=1"@%)=@.(+'=+@2¥#&%!-"! Ci3 O%+!=),,$,5!--2I'@!(.,&$&.-+1%=@.(+
C#'-',%!.,&!,'$%+!C#'-' %A !

(F)! Add All Photons to Data Array
1999999999999999999999999999999999999999
F&&!-#+1.221-#+IC#'-'%0!%%$5,.2!.,&!,'$%+0!.,&!-#+$=1.%%'($.-+&!5+2'(.-$',!.,&!-$*+!
$,@'=*.-$',|@="1-#$YB Y '5+'H$ 6 YWN) 2% %o +5*+,-1-'1-#+1&.-.1.==J! >B,6A

(G)! Test Counter for Sufficient Surface Photons
1999999999999999999999999999999999999999

|@!-#+1-21 )*H+="@!(.,&$&.-+1%%$5,.2!C#'-',%!$%!5=+.-+=I-#.,I'=1+B).2!-'O-2-0B9&
2B93*%4R</*%®bOWWW;0!'@!C#'-'BEH-#+! ) *H+=0%"1D" 0!'@ Y !5+'H$,!6 YVWIB) 2% +;!
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%+5*+,-0('22+(-+8&=+.(#+%A1.5e &+ASAQEBID2+,-1-'l g Xlc*; ;015,11 TAA:!IProcessing
Procedure for Classifying Ocean Surface Photons, Detrending, and Generating a Refined
Histogram of Sea Surface Heights-#!-#+!&.-.1.==.J0>B,6 A#+!-'-.2! )*H+=I"@!C)2%+%' @'=!
-H#+1%+5%+ -B/;#%%"101+B).2%! YWBHOLD" A@!-#+-'- 21 Y*H+=I"@!,&$&.-+!1%)=@.(+!
=+@2+(-€&!-',%!$%!2+%%!-BsV*%0!$,-.c+!.,"-#+=! SYI5+HS, 16 YVAB)2%19b+5*+,-1.,&!
=+C+.-1%-+C%! TIRBH'D+A

L7XTAF#&H"%%S$' @ (F#&H">1#" () &#(8-.%%$)2$ @ (;H". (+1#). H"(FA&B&' %3(="B#">$'@3(
S(P™H.BS@((")$">(?$%B&O#I(&)( +".(+1#).H "(?"$SQAB

"H#+1C='(+&)=+IH.%+&!",|1&+D+2'C*+ -I'@!l.-2.H!<="5=*Q!

F'GE&=.@-IFG73[=+.&+=[<#-',12.%%$@Ji:1#.,,+2RG[,'C=$ A*A

|

d+1%-.=-IL$-#!-#+!.==J'@ICH#'-' | #+$5#-1&.-.1$3B,6 |@="*ITA:AYAI"#+%+!.=+!(.,&$&.-+!

#+$5#-%!.((*)2.-+&!'D+=11%+5*+,-' @!%) @ @$($-5-12+C='D$&+!.,!.&+B).-+!,)*H+="@!

%%$5,.21C#-' ,%Al/,ID$+LI'@!-#+12'LI=+@2+(-.,(+!' @!-#+!'(+.,1%)=@. (+!-#$%!* . J1=+B)$=+!.%!*. J!

96ISWOWWW!2.%+=1C)2%+%AIV'22'L$,5!-#+!&+D+2'C*+,-. 2! (&+!)%+&!" IFG 733BtHH=+.C!
$,-LID+(-'=I'@!$,$-$.2!

Table 5 Control parameters BFine surface finding and analysis C#'-' 1#+$5#-%0!
K& G3,1%$"+'@$,+! TI(*0IFG73 ! <4/,6,4,$8..\D+(-'="'"@!
#$%-'5=*& S!(*0!/178.-Q! $,$-$.2!-$*+%0!
& 4,"/,6,4,$# 0!.,&!
U:PIBP! 8)=@.(+'B).2%@%$+&| SATO!/178>! D+(-'=%!"@!$,$-$.2!
%or"-#1#3%-1q! 2'(-$',0! #$4/,6,4, %4
U:PIBP}-.$2!,'$%+! L& #-6/,6,4,$AIV'=!
:('Q@&$ G$,%!$,!H'O(.=! :S0!1/178.-9 ! F'3F8IL+IL")2&!.2%'!
W= | &&!ID+(-='@!.2',5!

-=.(c!&$%-.,(+0!
4+$5F3,%4/,6,4 &
|
B6F;17%-. H2$%6#!'=18)* |-#+1G$, 1 7&5+Ix+(-'2
1999999999999999999999999999999999999999
8+-)Cl@'#+1%)=@.(+'@$,&$,5#$%- O +%- H2$%6#S$, 51-#+ DEGEOBBLS-#1.12+ 5-#!
' HIE=+ =l | Gl @HS%-'5= IHS, 1+&5+9%! L$-# HIRIRA&+H+-L++ 85 T1*I-T0STIAIF 205!
+%0-. H2$%#!-#+1D+HEO OV @HS, | (+,-+=IC'$, - U612+, 5-#1+B).21-'Cel@'="")=1-+%-%!
H64+:4D.2)+%!+B).E31"%D.2)+ %! C2Pat01&+2+-$,51-#+12.%-.,&12.=5+%-ID R4
+060-. H2$%6#!.ID+(-'=1.=2JBP0!.%!2" 5!.%4/,6,4, $HD'=HS,|. %6%S$5,*+ L06A
|
6G;L*C)-+1/,$-$.214$%-'5=* 1., & k++C!"=.(c!'@!G$,IF%%$5,*+,-1@'=!7.(#I<t-' |4+$5#-
999999999999999999999999999999999999999
<'C)2.-+1-#+1#$%-'5= % == JICI0) (#1-#.- 1+.(#142++ -1+B). 206 1-#+1 ) *H+=I'@!D.2)+ %! @="*!
<4/,6,4,$## .- =+I$,1-#+1('==+%C' &$,5!H$,IH'), &.=$+%!'@B1"9AIF2%'0! @#!D.2)+!$,!
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<4/,6,4,$BIC'C)2.-+1-#+D+(-'2,67 ILS-#-#+1HS, | )*H+=I-"ILHSH#! <4/,6,4,$#%!.%6%$5,+&!
@="*1',+1-'1-#+12+ 5-H#0IC 0! @16$,!1.-2.HOI ZG$, Gnn#SYeHES, $-$. F &5+9A

|

61;V$,&I+&$.,! '@N$-$.2143%-'5= 4

999999999999999999999999999999999999999

V$,&I-#+15+&$.,0I'3,$6C 0! @A

|

6E;8*"#! /,$-$.24$%-'5=*IL$-#GO(.=! 8*"-#+= |
999999999999999999999999999999999999999

g 1=+.-+1.196*"-#+&ID+=%$' Ob:--4<C O!'@!-#+1#$%-'5=COIL$-#.IH'O(.=10%6*"-#-+=!
$,(=+4+,-+& 1$,1' + H$,19%-+C%!'DAH(9,6IL#+=+14%(9,6!$%!.1(',-='2IC.= *+-+=I$ 1" H2+!
TAI-1%#)2&1+B) 69,6 10SIL#+=+69,6 1$%!.,1+D+,1,)*H+=Ald+#.D+1(#%+69,6%0:W!.,&!
:496(9,61%+-1.-1:SIH.%+&!" 196) ((+%6%6! L$-#1-#-+1&+D+2'CH+ - 21(&+Al/, 1-#$%! F"GE IS #1S
HS,106$0IL+=+@-+=1-"1-#$%!,"*$,. 221 961 -#-QMOGH" H-+=N1.2-#)5#1$-1.(-). 22J1%*" 4%
'D+=1:SIHS$,%Al6/,1-#+IFSFSITAS!(&+1)%+&! @ '=YK-RAWVES@!+B). 2AS WW!
(==+%C",&$,5!-'1;:4%(9,6IN!SWS!.,&!.I S " -#+=:Al |

94 /@ +H&+EBCH+ &% @-H+I05H# +8H$Y-'5= -1 -(#12+ 5-#'@! ZAIV'=]
+O.*C2+01.19%*"-#+=1-#.-1%-.=-%9,6f:0S!C'$,-%!$, | @="*1-#+1H+5$,,$,5!'@!-#+!'=$5$,.21.== ]!
&19%6-"CY%!.-1. 1+B). 21 *H+=""@!C'$,-%!H+@'=+!-#+1+ &OI LS BRUGIT'S, 0100t =-+=1-#. |-#+]
'=$5$,.21.== . JA!/, 1-#$%!(.%+.8EBF:1C'S,-%6!+B). 21-' -+ @$=06-106*"-#+&ID.2)+1-'1-#+]
H+5$,,$,5!'@!-#+.==.01.,8&!.8869,6f:1C'$,-%6!+B) . 21-"1-#+12 %-196*" #+8ID.2)+1-'1-#+1+ &' @!
== A

|

67:IV$,&13$*$-%! @!x.2$&14$%-'5=*

998999999999999999999999999999999999
"#+IFSFSITAS!@$,&%6!-#+128*$-%6!' @ -#+#$%-'5= FHD+88H+2'L16 J<, 1< @'=IL#S$(#0!
Vo+ =(#$,5!@="*I-#+I$,&+0O!' @!-#+1* O$*)*I$, 1-HWY* 196*"-H#+&IH$Y0-'5=*1 %:--4<C O!-#+!
D.2)+1$,%:--4<C 1$%!5=+.-+=I-#*+8$.,' @&b:- -4<CA

9 First find the indeximax, wheresmoothN(imax)equals the masum insmoothN

9 Incrementthe index,, downward fromimax until smoothN(i)is less tharthe
median ofsmooth\.. At this pointjlow =i+1.

9 Increment the index, upnward frommax until smoothN(i)is greater tharthe

median ofsmoothN. At this pointjhigh =i-1.

|

Fo%!' @!'RfYF:WS\O!-#+!&+D+2'C*+,- 2!('&+! @$,&%!-#+12$*$-%!' @!-#+1#$%-'5=*|.H'D+!.!
C=+2%*$,.=I#-=1. &!H+2'L1.IC=+2$*$,.=JU<,1d@'=IL#$(#0!%+.=(#$,5! @="*1-#+1$,&+OF@!-#
* OSSP, 1-H#+ WA 190*"-#+&I#S%-'5=*1 %:--4<C O!-#+!D.2)+I$N$%!5=+.-+=I-#.,!
*+&$.,'@&A

9 First find the indeximax, wheresmoothN(imax)equals the masum insmoothN
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9 Incrementthe index,, downward fromimax until N(i) is less thathe median of\N..
At this pointpreliminaryjlow =i+1.

9 Increment the index, upnward fromimax until N(i) is greater tharthe median of
N. At this pointpreliminaryjhigh =i-1.

g Then the average counts in all the bins above the preliminaaye calculated and
set equal tdailnoisehighand

g The average counts in all the bins below the prelimidargre calculated and set
equal totailnoiselow

9 Incrementthe index,, downward fromimax until smoothN(i)is less tharthe
Th_Nc* tailnoiselow At this pointjlow =i+1.

9 Increment the index, upnward frommax until smoothN(i)is greater than

Th_Nc_f* tailnoisehigh At this pointjhigh =i-1.
|
6V I1#"%+V$=0%-11)-18%5,.2!<#'-' %
999999999999999999999999999999999999999
"H+H @SEpHUB5,.2'=1%) =@ (EH#'-',%!. =#-#%+I$-#+IHS,%!' @ !#$%-'5CH+-L++,1J#-=&
L& &<, 1<A"#+HI$%+ICH-' %! =+!-#' %+ @="*1H$,%H+2#4HI#-=IHS,! &!.H'D+! -#+1<,14
HSAY+ID+(-'=1?,6? 12$Pb#+IHS,!.%%$5,*+,@'=!+.(#!IC#'-',14+2+D.-$' Al"#+=+@"'=+0!-#+!
$,&5(+%1@'=L#$(#7,6? K, ,1$%!2+%%!-#.,'=1+B).I< 1., &!5=+.-+=!-#,,I'=14+B).2!-'l J#-=0!
SH-H#HS &S (%! @-#+1%)=@. (H=+@2+(-+&ICH'-', 1H+SBHE% | S
9 <'C)2.-+!-#+1D+(-'=I'@!%)=@.(+!C#'-', | #+3$3404/,6,4, $#/% 8B $-#!-#+#+F$5#-%! .-|
$,&5(+%!3$,'<4/,6,4,$863,1.-2. H!-#+%+1%)=@.(+!#+$5#-%!L") 2&!H+!
#-[$,$-9.2[%)=@n#-[$,$-$.263$;e B+ +D+(-'=I'@!%)=@.(+!C#'-',1$,&(+%;A!
9 1&+,-$@J!-#+!('==+%C",&$,5!-=.(C! &$%-.,(49BIF3,%4/,6,4 /848D $,!
4+$5F3,%4/,6,4 BH#+1$,&5(+%!& A
|
B6UJE'.!3$,+.=IVS-I'@!4+$5#-1x+=%)%!"=.(C!E$%!.,(+
999999999999999999999999999999999999999
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d+!,++&!-'1&" 1123, +.=1@3%0)=@.(+#+$5#461%) %!-=16$%- ., (+IH+(.) Yo +!-#+!-=+,&!$,!
%)=@.(+1#+$5#-1(",-=$H)-+%!%)H%-.,-$.2!D.=$., (+!-'|-#+1#$%-'5=*0IL#S(#!(.,!(2") &!-#+!
%)=@.(+'@%$,&$,5!.25'=$-#*Al"#+=+@'=+0!C+=@'=*!

12+.%-1%B).=+%12$,+.=1@$-!' @!-#+@'=*! PR S 2012018 4200018 is

800

*@Q4+$5F3,%4/,6,4/$8+®& - . )

<4/,6,4,$#/%8MD ' A
| g00 |- N
) A
64;18)H-=.(-18)=@.(+!"=+,& A
99999999999999999999999999999999999990 3 ..| | \

|

| Mean=-0.021777m

d+1% C+L +LID+(-'=1.== )/ @!&+-=+,&+&! »
#4354-064/,6,4, SHOHINE)H-=. (-3, 51-#+12$ +.=!
%)=@.(+!-=+,&!&+=$D+&!.H'D+! -1 %AV H! I || e e
@="*4/,6,4,$8 /.

I$A+AQ! R e
<4],6,4,$#0<4/ 6,4, $H* @Q4+$5F3,%4/,6,4 (38 — !
“ Al V$5)=+ISYAIL' . =%-+16H2)+:0106*"-#+&16(J),
! L&I@$,.21C="8)(-16*.5+,-.;1#$%-'5=*%!'@!
99999999999999999999999999999999999999859999R R0 RIOHTDPIIBA=$2!:W'S:!

O
Retums per 0.05m bing & 53 ki track

99999999999999999999999999999 IFG73!&.-.I'D+=11#+%.C+.c+IG.JA!"#+!
K7<7F" 18sKVF17!V/ZE/ZUIFV"7K! * 5+, 1#$%-'5=*1$%!)2-$*.-+!')-C)-I' @!
K71?x/ZU "K7ZE ! -#+!%):@.(+!@$,&$,5!C#.%+!'@!-#+!'(+. |
19999999999999999999999999999999999999993996 U9 FRILAIYOONSA Al"#+!
99999999999999999999999999999 (‘==+%C',&$,5!@$5)=+!L$-#')-1-=+,&!

| =+*D.21$%1%#L,!$,IV$5)=+I3:A
6/;IK+C+.-18-+C%!6G;!"#=")SMIBF(-$,5!",1-#+!
E+-=+,&+&172+D.-$',%!8-.=-$,51d$a#*C)-+1/,$-$.214$%-'5=*1 &Ik++C!"=.(c!' @!G$,!
FO0%$5,*+,-1@'=17.(#I<#-' | 4+$5#

999999999999999999999999999999999999999

<'C)2.-H-#+H$Yo-'5= 41, == JICI%) (#I-#.- 1+ (1 +2+%+ -1+B).20%6!-#+] ) *H+=I'@!D.2) +%! @="*!
<4/,6,4,$#(-#.- =+$ 1-#+('==+06C' &$,5!H$,1H'), & =$+%!'@I1"0AIF2%'0!@'=!+.(#!D.2)+!$,!
#-[$,$-$.2:01C'C)2.-+1-#+D+(-'6I$, GLS-#I-#-+IHS, | H+=1-"ILAS(#! <4/,6,4,$#($%!.%%$5,+&!
@="*"" +1-'l-#+12+ 5-#0IC O @U$,!1.-2.HO! IZ0G$, Gnn#$Y%-(6#-[$,$-$.2:07&5+%;mA

|

6]:IVS,&!I+8S$.." @/, $-$.214$%-'5=1*

999999999999999999999999999999999999999

V$,&I-#+1%+&$.,01'3,$6C 0! @A

|

BK;18*"-#  -#+1/,$-$.214$%-'5=*IL$-#IG'O(.=I8*"-#+= |
999999999999999999999999999999999999999

g 1=+-+1.196*"-#+&ID+=%$',0b:--4<C O!'@!-#+1#$%-'5=FOIL$-#1.1H'O(.=10%6*"-#+=!
$,(=+4+,-+&I$,) +  HS,1%-+C%!' DAH(9,6ILH+=+14%(9,6!$%!.1(",-="21C. = *+-+=1$, " H2+!
TANY#)28&1+B).289,6 10SIL#+=+69,61$%!.,1+D+,1, ) *H+=Ald+1#.D+(#%-+,69,690:W!. &!
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:496(9,61%-+-1.-1: SIH.%+&" 196 ((+96%! L$-#1-#+18+D+2'CH+,- 21 (&+Al, 1-#$%! F"GE!G$-#1S
HS, 196 +0IL+!=+@+=1-"1-#$%!,"*$,. 2201 00| GBgA#+=N1.2-#)5#1$-1.(-).22J1%*"-  #%
'D+=1:SIHS$,%A!6/,1-#+IFSFSITAS!(&+1)%+&! @ =Y KRAWVES@!+B). 2AS WW!
(==+%C',&$,5!-'1;:4%(9,6I!SWS!.,&!.ISWAM%6*"-#+=:Al |

|

9 /@ ++&+&O0IC.&I-#+!+ 8% @-HHY H+&IHSYo-'5= H- ¥ -(#12+,5-#I' @I ZAIV'=!
+O.¥C2+01106*" #-+=1-#.-19%- =-0, 6 f:0S!C'$,-%!$, | @="*1-#-+IH+5$, $,5!' @!-#+!'=$5$, .2!. == J!
&1%-"C%! 1., 1+B) .21 *H+=I'@!C'$,-%6 ! H+@'=+1-#+1+ &OILS BRUANT'S, - 061 0o#'=-+=1-#. 1-#+1
'=$5$,.20.==.JA,1-#$%!(.%-+! 8B,BT:IC'$,-%!+B). 2!-'1-#+ @$=06-196*"-#+&ID.2) +I-'1-#+1
H+5%, $,5!'@!-#+!.=3.,81.&&! 69,6:1C'$,-%6!+B).21-"1-#+12.%-19*" #+&1D.2)+1-'1-#+1+ &' @
#+1.== JA

|

63:1V$,&135*$-%!"@!x. 2$&14$%-'6=_*

999999999999999999999999999999999999999
"#+IF8F8ITAS!@$,8%!-#+12$+$-06!' @!-#+1#$%-'5= IED+88H+2'L16 J<, 1< @'=ILH#S#HO!
Yo+ =(#$,5! @="*1-#+1$,&+O @!-#+* O$*)*I$, I-#WL* 106*"-H#+&H$Y-'5=* U:--4<C Ol-#+!
D.2)+!$,%:--4<C 1$%!5=+ -+=1-#*+&$.,I' @&b:--4< CA

9 First find the indeximax, wheresmoothN(imax)equals the masum insmoothN

9 Incrementthe index,, downward fromimax until smoothN(i)is less tharthe
median ofsmooth\.. At this pointjlow =i+1.

9 Increment the index, upnward frommax until smoothN(i)is greater tharthe

median ofsmoothN. At this pointjhigh =i-1.

|
Fo%!"@!'RfYF:WS\O!-#+!&+D+2'C*+,- 2!('&+! @$,&%!-#+12$*$-%!' @!-#+1#$%-'5=*.H'D+!.!
C=+2%*$,.=I#-=1.,&!H+2'L1.IC=+2$*$,.=JU<,1d@'=IL#$(#0!%+.=(#$,5! @="*1-#+1$,&+0O!' @!-#+!
* OSSP, 1-H#+ WA 190*"-#+&I#S%-'5=*1 %:--4<C O!-#+!D.2)+I$N$%!5=+.-+=I-#.,!

*+&$. ,I'@&A

9 First find the indeximax, wheresmoothN(imax)equals the masmum insmoothN

9 Incrementthe index,, downward fromimax until N(i) is less thathe median of\N..
At this pointpreliminaryjlow =i+1.

9 Increment the index, upnward fromimax until N(i) is greater tharthe median of
N. At this pointpreliminaryjhigh =i-1.

g Then the average counts in all the bins above the preliminaaye calculated and
set equal tdailnoisehighand

g The average counts in all the bins below the prelany J,. are calculated and set
equal totailnoiselow

9 Incrementthe index,, downward fromimax until smoothN(i)is less tharthe
Th_Nc_f* tailnoiselow At this pointjlow =i+1.

9 Increment the index, upwvard fromimax until smoothN(i)is lessthan Th_Nc_f*

tailnoisehigh At this pointjhigh =i-1.
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|

6l; 11#"%+18+(',& 91)-18%5,.2!<#'-',% !

999999999999999999999999999999999999999
"H+1%+(,&9)-1%$5,.2!'=1%)=@. (+!C#'-', %! . =+!-# %HI$+ H$, %! @ 1#$%- SICH+-L++,1I#-=&
L& &<, 1<AI"#+]'$%+ICH'-' %! =+!-#' %+ @="*1HS$,%!H+2'LII#+2IH$, . &! H'D+!-#+10<,14
HS$,Al"#+D+(-'2,6? 12$%-%!-#+H$,1.9%%$5,*+,-1@'=!+.(#IC#'-', |+2+D.-$' Al"#+=+@'=+0!-#+!
$,85(+%!@'=IL#$(#,6? K, 1$%!2+%%!-#.,I'=1+B). <11 <. &!5=+.-+=I-#. I'=1+B).21-' 1J#-=0!
SH-#+$,&B(+%!' @!-#+1%)=@. (+)=+@2+(-+&!CH#' -, 1 +$H1H6%4 A

¢! <'C)2.-+-#+ID+(-'=!'@%)=@.(+!C#'-', | #+$5#0406,4, $#(%8+D L $-#!-#+1#+$5#-%! .-
$,8&5(+%!$,1<4/,6,4,$#(B$,!1.-2. H!-#+%+1%) =@ . (+!1#+$5#-%IL")2&!H+!
#-[$,$-$.2:[%)=@n%:$-$.2:6$3;e! L#+SWR0!-#+ID+(-'=I'@1%)=@. (+!C#-",!$,&$(+%0; Al

¢! 18&+,-$@IN-#+('==+%C',&$,5!-=.(C!&$%-., (4 ¥4 3,%4/,6,4/$48+D$,!
4+$5F3,%4/,6,4 B##+1$,&$(+%!&,0!$A+A0!$, !1.-2. H! (@+B5F 3,%4/,6,4 ($48+B &
4+$5F3,%4/,6,4 $mIA

|

<4/6,4,$#(/%8®%!-#+1* $,1C='&) (-I' @!-#+1%)=@.(+ @IRBG+A!/,|.&&$-$',0!-#+1%+(', &
C.%%!%)=@.(+'$,&$(%61$!1#+1$,&$(+%! @'=!-#+!-$*+0!5+'2'(.-$',01-=.(c!&$%-.,(+!.,&!.22!
“#+=1&.- 1('==+%C",&$,5!-' <4/,6,4,S#&I%BHB,!+O *C2+!'@!-#+1%+(",&!C.%%!. & !-#+!
#$%-'5=*I'@!%)=@.(+#+$5#-%! @'=!IFG 73810 #'L,!$,! V$5)=+ISK

|

6;1  1.202.-+1Z)*H+=I'@!<#-' %0!1+.,1"$*+01., &IU+2'(.-$' | @'=18+5%+,- |
999999999999999999999999999999999999999

" HA=@1%)=@ . (+1=+ @2+(-+&IOHS, 1-#-+106+ 5%+ -(B/;<-4-6% 01$%!-#+12+ 5-#!' @!-#+!
$,8+OID+(-'5MI#+1-$*+015+'2'(-$',01.,&!-=.(C!1&$%-., (+' @!-#+1%)=@.(+1=+@2+(-+&!CH#-' %!
=+14+B).21-'1-#+1D.2) +%!$#+D+(-'=%4),:"/,6,4,$# Ok$4/,6,4,93-6/,6,4,$H!.,&!
A+$5F3,%4/,6,41$1#+1$,&+0!C'%S$-$',%!5$D+ JHHASAOY,6,4,$#K,, L AI1*C)-+1-#+]
0o+5%+ -1-$*+08/%" D1 %6 -#+ 1+, ' @4,:"/,6,4,$#K, L0, &I-#+ &)=.-$' I @!-#+!%+5*+,-0!
3"#4%"10).9%!-#+12.%-1D.2) 4@V, 6,4, $HI-#+ @$=%-1D.2)4," (@ 6,4, $HAI1*C)-+! -#+!
%o+5%+,-12.-$-)&FQE$4/%"A!., &1%+5%+,-12' 5$-) &+GE-6/%"10!. %! -#+!*+., %! @54,6,4, $#K L&
L& #-6/,6,4, $HKLR, &I-#-+1%+5%+ 12+ 5-#O¥'614</%"D.%!-#+12.%-1D.2)+I'@!
4+$5F3,%4/,6,418419-#+ @$=%-1D.24-HEBF3,%4/,6,4,$H#HA, L

g1 21 FHA=I @ICH -, %0! 6/44#K-4-6 0+B).20%6-#+12+ 5-#14@Y,6,4,$# 0!.,&1.%!.H'D+D
L FHA=I @ICH -, %!=+@2+(-+&I@="*1-#+1%)=@ .(+|+&) 2%6% 1+B).21-'| -#+12+ 5-#' @!
SAEHY%)=@ . (+1=+@2+(-+&ICH - 15si@I$% ! +B). 2B/ <-4-6%6 &SDS&+&IBIFHA/%"128& |
41 '$%+HICH- | = -+0ks 07 01$%!1+B) . 21-'1-#+18$ @ @ +=6/G4HE-4-6 *$,)%! 6/;<-4-6% !
&$DS&+&IBIHAY" 1R

|

L7XTXF#H&H"%%S$' @ (B&(8A.#.HB"#$U"(:& @(N.T"-"@BA(N.T"%3(="L"">"H"(&)( +.IL-"(,.B"
& &@(N.T"E$%L-H"I"B  3(.'>( "#$%&K9H.(+B.B"(K$.%(9%B$I.B'(

U;I<="(+%%$%$,5!8-+C%Y%-$*.-+!8+.18-.-+1G$.%

71
Release Dat@1 Octdoer 2019



ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

[,1-#$%!C.=-IL+!(*C)-+-#+18+.18-.-+1G$.%!C="C'=-$',.2I-' |- #+!('D.=$.,(+' @!C#-'1=+-)=I=.-+1,,&!
%)=@.(+#+35#-1$BW,5 9=.(C!HS, %A!"#3$%!(',%-$-)-+%!L#.-1$%! ("**' 2=+ @+==+8&!-'|.%!-#+!
72+(-='9.5,+-$(I'=I71'H$.%!-#.-1$%HOC+(-+&!-'1&"*$,.-+!/178.-:188GA!"#+!%-+C%!.£+Q
|
SAF&&!"$6-00,4( -'! <4/,6,4,$#(/%8+0
A 1',D+=-14+$5F3,%4/,6,4,$#/%3+0-+=%!3@!,+(+%%.=J
A ?D+HE(+.,1%+5%+,-%!.,&1%'=-1#+$5#-1&.- .1$,1.%(+,&3$,5!'=&+=I"@!.2',5!-=.(c!
&$%-.,(+@H+$5F3,%4/,6,4, SV R 2L (.2()2.-$' ' @!CH#-' | |1=+-)=,|=.-+IC+=1*+-+= |
YA E+@3 B!%!#+1%'=-+@H$5F3,%4/,6,4,$#/%8&BH#+!. %% ($.-+&!#+$5#-% ! @="*!
<4/,6,4,$#(/%8-60.%4. A
TA 1*C)-+1&.-.1%C.($,50! E%!.%!&$@ @+=+,(+!$,!%) ((EDRHOHA
RA/@9%)!,+5.-$D+0!('==+(-1-"1-#+1*+ '@, +.=+%-1, +$5#H'=1&.-.19%C.($,5!D.2) +% Al @!-#+!
,+5.-$D+1&.-.1%C.($,5850!$%!-#+ @$=%-1'=12.%-1D.2)HS$, -4 +5*+ -1I6gbWWW!
C#'-',%!'=1X &*;! %F*C2J1=+C2.(+!$-ILS-#!-#+! +.=+%- +$5#H'=ID.2)+A
XA FD+=.5+H+-L++,1.&>.(+,4<4.142+*+ -%!-'|('==+%C",&!-'1E%Q!"#+!2+ 5-#!'@4.IL$22!
H+!1=+&)(+&HJV ,+1-"1* - (#!-#+12+ 5-#!' @& %M
bA E'l-#+1@'22'L$,5!.,.2%%$%! @'=!+.(FNB, IS, | -#+!'(+., 1%+5*+,-16gbWWW!CH#'-',%!
=IXEH ' (+.,1%45%+,- @
. 1 8+-E9,6-'1*$&&2+!"@!SYWHS$, A
H;! 8+-k4.9,6!-'*+. I'@k4.1$,!+.(#ISVFIHS Al
(;! FD+=.5+1&.-.1%C.($,50%,&!%+-!-'1E%9,6A
&;! 1'*C)-+I-#+IC#'-' 1&.- 1= -+IC+=I*+-+=0! E+9,63HJ!$,D+=-$,5!FKHS$,!.D+=.5+!
&.-.1%C.($,5E%9,68\!/E%9,6%%!"+="01%+9,63+B).2!-'1Z.ZA!
+;!1 7%-.H2$%#-;"9,60,4Q!
/A nlZ.Z1$@",2I+IC#-'1$,1.ISW  FIHS, !
/A nl(#.5+$,! <4.I'D+=I(#.,5+1$,/BS@!"",2J!-L'IC#-',%!$,!.ISVEIHS, !
A n12$,+.=1@$-'1$@!-#=++!"=I*'=+IC#'-',%!$,AIG\}/ !
\Al E+2+-+1&.-.1@="*ISNHS$,%!$@!-#+=+!.=+! 'ICH#'-' | %!$,|-#+HS$,'=1$@!-#+!&.-.1=.-+0!
E+9,63%%!2.Z
SWR*C)-+!('D.=$.,(+'"@'H$,!.D+=.5+&!#+$5#-1.,&!&.-.1=.-+09,6HNO>4P6! .%!-#+!
D+=5+'D+=1.22!13WH$,%!" @!-#+!C="&)(-" @!-#+!&+-=+,&+&!H$,,+&!#+$54-%6D!
L &I-HH&+-=+ &+&IHS,,+&&.-.1=.-+@+9,63A
SSA'*C)-+0! 9,6)0Q/P+&#+!.D+=.5+I"@'HS$,,+&!&.-.!=.-HB+9,63A
S:AL'*C)-+!-#+1%+.1%-.-+1H$.%9BAA?,$%!.98, 6 HN O>4PR.SDS&+& ! BLEH) OQ/P+A
STA@!-#+=+! =+1*"=+1-# I' +ISVFI$ .. bWWF1%+5%+ -IL$-#1.1D.2$&%#-;"9,60,4D
o L1*C)-+! %#-"P+"48+6%!-#+1C='&)(-I'@!-#+&+-=+,&+&!% B@#019,60,0!.,&!
-H#+1&+-=+,&+&H$;&!&.-.1=.-+0E+9,63A
H;l 1*C)-+!-#+!('D.=3.,(+!N'@!-#+IC#'-',|=.-+].,&!-#+1%2'C+0!9,6 HNO%#-;"/P9!.%!
-#+1%0)*1'@!-#-b#-;"P+"48+8&SDS&+&!IHI!-#+! ) *H+=!" @ISNE, %! L$-#!.!D.2$&!
%#-;"9,60,4A
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(! 1*C)-+!-#+1%+.1%-.-+1%2'C+H$R6B#-;"?,$%0!.%!-#+!('D.=$.,(+'' @!-#+!$,D+=-+&!
&.-1=.-+1, &!-#+19%62'C+Ol6HNOY#-;" /PO &SDS&+&!HI-#+1*+, I'@!-#+!$,D+=-+&!
&.-.1=.-+Al
SYR.D+!D+(-'=1.==.J9%29,60¢4.9,6 0!.,& [E+9,8@'=!%+5*+,-I')-C)-!A
|
83, (+!-#+!=.-',.2+1@"'=1%"*+!'" @ !-#+%+!%-+C%!* J!,'- IH+I'HD$") MDD DS & +!-#+ @'22'L$,5!
+0C2.,.-$',%!@'=!-#+!%-+C%Q
"1&+-+=*$, +1-#+188G!)%$, IBBSE+B)$=+%!-#.-IL+Ic,'LI-#+!('D.=$.,(+I'@!-#+!
%)=@.(+!=+-)=, =+ &I-#+#+$5#-1.,'*.271. %% ($.-+&IL$-#-#+1&*$,.,-19%)=@.(+!L.D+%AI""!
&'I-#3%!L+1*)%-1+%-. H2$%# - #+ #8558 ' 0l & ICH#'-' |=+-)=,I=.-+1$,1+D+,2J1%C.(+&!SW
*IH$,%!.2' 5! +.(#!'(+.,1%+5*+,-1@"),&!&)=$,5!-#+!(.=%+!%$5,.2!| @$,&$,5!%-+CAI S HDBINRA

|
7%-$*.-$,51%+.1%-.-+!H$.%!'"Dft=)  1%+5*+,-%
F-1-#$%!C'$,-01$@!,"-1+.=2%+=0'H+(.)%+!L+!L.,-1-"1+%-$*.-€=H3+=-$+%!'@!L.D+%!-JC$(.22J!
#),&=+&%!" @!*+-+=%!206-1L$22!H+!,+(+%%.=J!-'1.55=+5446,4,$#(/%8+0&!
4+$5F3,%4/,6,4,$#/M B! +.(#!'(+.,1%+5*+ -1 @"),&!&)=$,5!-#+!(.=%+1%%$5,.2! @$,&3,5!
%-+CAI8+(--OMIIP
|
F&&!*+. 1@="1&+-=+,&%.5!)%+&I@D-H@B=%}-1%)=@.(+ @$.&$,5
"B+ 00l @="1-#+1@$=%-!()-"@!%)=@.(+'@$,&$,5!.=+!("*C)-+&! @="*IC#"-', 1#+$5#-%!'D+=!
%)=@.(+!L.D+%!.,&!.=+!-#+=+@'=+!(,-*$,.-+&IHI-#+('==+2.-$' ' @!CH#"-' |=+-)=,=.-+]
L$-#1#+$5#-1' @!-#+1%)=@.(+'D+=1%)=@.(+!L.D+% Al @ H&&4-RIEHC!$, - |-#+!#+$5#-|
=+('=80-#.-1(',-.*$,.-$',|HJI88GIL$22!H+!2'%-Al"#+=+@'=+0!L+|.&B6-00,4( O#+I*+.'@ &
*& o @OU+$5F3,%4/,6,4/$68+HB-#+1.2'5 9=.(c!IC'%3$-$',I'@!&!1$-+=.-$',1%)=@.(+!C#'-',24)!
H.(c!$,-"-#+IC#'-' 1#+$5#-1=+('=&0!<4.&<4/,6,4,5#(/%8+4@."$6-00,4( !
Il
1.2()2.-+1&.-.1%C.($.5!
E+@$%,$,84B).2!-'1 4+$5F3,%4/,6,4($48+0&-R"+8&4<"&(B&%"1:"642!("*C)-+!-#+1.2'5 9
-=.(c!%C.($,5'%)((+%%$D+!C'%S$-SEORS) Baa! =!$,!-#+!C.=2.,(+'@I-2.H0J$+2&!.,!.==.]!
'@!%C.($,58WIE6:Q+,& 6 SQ+,85;AIFD+=.5+!"D+=!,+5.-$D+!1%C.($,5% ! L #¥deikl G, pWA!
[1)=140C+=$+,(+|L$-#IFG73!. &IF"1&.-.1$@!-#+=+!$%!.!,+5.-$D+!D. ZRH5-1(., | H+!
=+C2.(+&!HJ!-#+1.D+=5+'@!-#+!C=+D$)%!.,&!%) ((++&$,5! D@6\ 5.-$D+18&..-.1%C. (!5
E®I$%!-#+@$=%-'=12.%-!D.2)+!$, | LBV 1%F$*C2I1=+C2.(+!$-IL$-#!-#+!,+.=+%-!
,+$5#H'=1D.2)HA
|
F2$5.1.2' 59=.(c!&$%-..(+!. . &!I#+$5#-1L $-#1%.*C2+!%C.($,5A
"HH1&.-.1=.-+%!$,1),$-%!' @+ =+1-#+1$, D+=%+%!'@!-#+1%.*C2+!$ BB Ega; B!
4'L+D+=0!$@!%C.($,5'D.=$+%!%%$5,3@3(.,-2J!.,&!",+!-=$+%!-'I$,-+=C'2.-+|H+-L++,'=1.D+=5+!-L"l
=.-+%!-'5+-#+=01-#+!=+9%)2-IL$22IH+!H$.%+&!.L.J @="*!-#+!-=) +]. D+=. B SHIHAES
SL=&! -#+HIHSEH#H= - HAldH+, 1*, J15,&3D$&).21=.-+% ! .=+ . D+=54R!-#3$%! L. J!-#+!1=+%)2-1$%!
S=+.-+=l-#, |- #+] *H+=I'@IC#-'1%)=@.(+!=+-)=,%!&$D$&+&HI!-#+!-'"- 218$%-.,(+Al"#+!
C='"H2+*I1$%!+2$*$,.-+&'HJ!.D+=.5%$,5!%.*C2+!$,-+=D.2%!.,&!HJ'$,-+=C'2.-$,5#+$5#-%!.,&!
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C'%3$-$',%!-"1-#+1*$&C'S$,-IH+-L++,19%.*C2+% ! =.-#+=I-#.,1$,G2.-$,5!%C.($,5!'=1%.*C2+!
=.-+!H.(c!-"1%.*C2+!C'%$-$', A1, %+B)+,-2J0!L+!,+O-1$,-+=C'2.-#4+3$5#-1.,&!.2',5 9=.(c!
&$%-.,(+1-#+1*$&&2+!' @ (#! %.*C2+!$,-+=DI==+%C",&$,5!-' -#+IC'%$-$',I @HHJ!
D+=.5%,9H+-L++,1.&>.(+,-! <4.1+2+*+,-%!. &!.D+=.58$ ,5!H+-L++,1.&>.(+,-IB+2+*+,-00 A +!
2+,5-198@4¢4.1.,&! BLS2RH+, IH+=+&)(+&IHIV' +1-'1% -(#1-#+12+ 5-#1" OE %

Il

P).-3@J!%)=@.(+#+$5#-1..&!1%2'C+!. &!=+-)=I1= -+IPISAN6 F=.(c!HS.YBA
V$=%-1&$DS&+!-#+!"(+.,1%+5*+ - 18, @ &BISVH'HS, %6 AIF%%$5, ! +.(#!%.*C2+!$, -+ L3R 16!
$,-+=D.22%$5,+&EWED!. &!<4. Q' +!'@!-#+%+IHS, %! LS-#!./HS,!$, &&Q R E+=+!
&@ZR&HEF"),& 9C!EZ&EP,6 E;fSW;!.,&!()*)2.-$D+2J!.&&!-#+1<4.Z&E&] <49,6 Z& CQFRRH!
(0*)2.-$D+2J!.&&!-#+EWB&E] E%9,62& OZRHY.,&!$,(=+*+,-LIH$,!("),-+=0! $@&IBBDE&SARE[[
HJ!' +@'=!+.(#!.&&+&!%.*C2+A!

|

V$.&!.D+=5+HCH#"-" 1=+-)=I=.-+ | &!%-=.$5#PF + @$-%!$.!+.(BH, !

V'=1& @8B).2!-'IS!-#=")5#! | @&B!('*C)-+H$,!.D+=.5+%D

1'*C)-+-#+1H$,!.D+=.5+%1@ 1#+$5#-1.,&1&.-.1%C.($,5Q

<49,6 Z&@&&49,6 Z& QIO EIBD &S !

E%9,62& @ &&(%,63Z& @ 3P[0 & $BD &%[

8+-L#+1H$,1.2' 59=.(cIC'%$-$',(E9,62-'*$&&2+!' @ ! SINHS, A

" #+IHPAD+=.5+1%.*C2+!=.-+1$%!-.c+,1+B).2!-"I-#+!$, D+=%+!'"@!-#+!H$,!. DY "6kt
$,-+=D.2Q

E+9,6Z&@&H69,6Z& CIRID'H)-'@%9,68%!"+="01%+9,63+B).2!-'1Z.ZA!

|

F2%'1(*C)-+ @%$-%!' @!%)=@.(+BeR5Z40i-;"9,60, 05, 1+. (#HS$,!
9/,1-#+1(.%+%!L$-#!",2JISIC'$,-1$, L. IHS B¥-;"9,60,AL$22IH+1%+-1-'1Z.716,'-1.1, ) *H+=; Al

9/, )-#+1(%+'@!-L"C'$,-%!$, . IHS,81#,"9,60,4 & $22!H+!+B).2!-'I-##H. 5+!$,! <4.I'D+=!
(#.,5+1$,! B

A @!-#+!,)*H+=!"@!C'$,-%!$,|.IH$, 1$%!5=+.-+=I-#. I'=1+B).2196101"9,60,4_$22!+B).2!-#+!
%2'C+!'"@3$,+.=! @3$-IL$-#1&$%-[{+E!-#+IC'$,-%A!

|

1'*C)-+!$,-+=D.2!B).,-$-$+%! @ !'(+.,1%+5*+,- !

V=B +2+-+1@="*I(",%$&+=.-$',!.,JIH$,%!L$-#!,'!C'$,-%!.-1.2216 SA+AIHS$, %! @SR L HTA=!
$@!-#+1&.-.1=.-F09,63%%!Z. ZA!"#+!=+* $ $,5HS, %$22IH+!-+=*+&!DS.H2+!HF, % A

|

1'*C)-+!8+.18-.-+1G$.%!)%$.5.22!D$.H2+!HE, %
1*C)-+!I('D.=$.,(+!'@'H$,!.D+=.5+&#+$5#-!.,&!&.-.1=.-+09,6 HNO>4P® .%!-#+!.D+=.5+!I'D+=!
22ISBWHS$, %! @!-#+!IC="'&) (- @!-#+1&+-=+,&+&'HS$,, +&!#+$5#4 BB 0!, & - #+] & +-=+,&+&!
H$,,+&!&.-.1=.-+0E+9,6 D!SA+AB¥H+ D+=!D$.H2+HHQEBD ="*!S!- 1@ & $2BD!
6&+-=+,&+8&84.9,6 'Z&§ 8L +-=+,8+8B+9,6 BISSf |@&F$28

|

8%$*$2.=2[GC)-+ 19,6)0Q/P+&#+!.D+=.5+I"@'HS$,,+&!&.-.!=.-E#9,630!$A+0H .D+=.5+"'@!
E+9,6Z&&EE*RA&!-' | @&$2B
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1*C)-+!- he bin average sea state bias estimaterding to Equation X7,:
9,6AA?,3$% B).2%9,6HNO>4PRSD$&+&!BLH) OQ/P+A
|

1'*C)-+18%$5,$@%$(.,-1d.D+14+$5#-0!8d4!

1*C)-+1%%$5,$@3(.,-'L.D+#+3$5#A0)> ;1+B).2!-'|@")=!-$*+%!-#+1%-.,&.=&!&+D$.-$',!' @!-#+!
H$AD+=.5+&%0)=@.(+#+$5#-%!$,!.22! FHBW 9=.(c'HS$,%!$,!-#+1%+5*+ LAl

!

1*C)-+IC#'-'1=.-+1% 2'C+!('==+2.-$' A
"#+IHS$,!.D+=.5+1%2'C+IH$.%!+%-$* - HG +=$*+,-.2!C.= *+-+=I-#.-1$ & $(.-+%!$@!C#'-', %!
=+IH+$ 5IC=+@+=+,-$.22]1=+-)=,+&! @="*1-#+H.(C%$ & +¥@H@&"@'L.D+%A!

!

|@!-#+E=+F=+-#, I' +1ISW  FI$ LEDWWSHI%+5*+ -1IL$-#1.1D.2$&%#-;"9,60,8! (*C)-+!
%#-;"P+"48+6.%!-#+IC="&) (- @!-#+!&+-=+,&+&!% 2a#0'9,60,0!.,&!-#+&+-=+ &+&!H$,,+&!
&.-.1=.-+0E+9,63A

X Puiee Delay Rl o o nEqu Surece Elovaton | "H1( '*C)-+!-#+!('D.:$.,(+!'@!
N -H+HICH'- 1= -+ &-#+19%2'C+0!
/ \\ 1 9,6HNO%#-;"/P8!.%!-#+1%)*I'@!-#+!
/ \ | %#-;"P+"48+8&$D$&+&IHJI!-#+!
/ \ ) H+=I"@!SVEIHS,%!L$-#1.1D.2$&!
\ 1 %#-;"9,60,A
/ \ 8.D+!D+(-'=1.==.J0H9,60£4.9,6 0!
/ \\ | & E+96!@'=1%+5*+,-1)-C)-!A

35

»
T
-

~

o
—
-

P
.

ces as Fraction of Total per meter
N

O
\
\\\
"

L7X7TMF#&H"%%S$' @ (FA&H">1#"(
s \ 1 )&H#(8&H#H"HBSE&'(.">(
N 7'B"#L#"B.B$&'(&)(BA" (+1#).H"(
-0.6 -0.5 -0.4 -03 -Oéleva“o-:.;emy (m)o 0.1 0.2 0.3 0.4 7"$@Ag$% B#$Q 1 a$&|

!
V$5)=+ISTA!/,%-=)*+,-1$*C)2%+!=+%C",%+!#3$%-'5 "HSUBo+(-$', 01 TA" A (=$H+%!

6i*$-43%-WW, C="(+%6%$,5!%-+EYh] 2 +0%!-#+]

o

o

AN
\

#3$%-'5=*"'@!=+(+$D+&!%)=@.(+!C#"-, |[#+$54@60*18+(-$', | TA  AlM+!IC="( +&)=+. %I H++1+%-+&!
$,1.1&+D+2'C*+,-.2!1.-2. HI('&+!6 d$+,+="+%-[U.)%%I$O0.,&Z'$%+:A*;All.-2.HI+O+()-.H2+123$,+%)!
#.D+IH++,1=+C2.(+& K- . $2+&!-+0-1&+%(=SA$', %

!

FO61&+%(=$H+&!$,18+(-$', ITARO!-'1$22)%-= -+, &!D.2$& -+-#+C="5$ M4 C%!

&+D+2'C*+ - 21(&+IL+1(,D'2D+&!.1=+.21$*C)2%+1=+%C", %+1&$%-=$H)-$' I-.c+,| @="*IFG 731&..-.
BVSTBTILS-#1.196J,-#+-$(1%+.1%)=@. (+1#+ STV %S, *$0-) =+1&$%-=$H)-$', IL$-#.1%C+H$S@$+&!
%-.-$%-$(.21C="C+=IEMPEDR AFI=+C=+0%-+,- -$D+.¥) -1 @!,'SHIL. %!-#+]. &&+&!-'1-H$%!I$+2&!
=+(+$D+&1%$5, 21 CH #+ $5#8$%-=$H)-BUISSAIGKS-#1.Ic, L, I-=)+1  C.=+,-1%)=@.(+'&$%-=$H)-$' A
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VA"
i .M.M.LW R WWWQ.MJ | L1 L HHIM\H | \HHHHHH\HH\H! l He
Elevation (m) Elevation (m) I
V$5)=+SRAIZH@H.H$2$-J1&+,%$-J!@),(-$',!' @!-#+18],-#+-$(18841.%!.1U.)%%S.,!
*$0-)=+01Y WWW!%.*C2+%!@="1Z6W00S;!., & Y WWW! @="+| 2BB O+ KB b WW!
CH#-',%!@'=ILHS(#I#+1=.L19%J,-#+-$(I<EV!$%! @.$=2J!,'$%J0!H)-I-L'IC+.c%!.,&!%c+L
=H@.9$,-271&$%(+=,.H2+A

4+=+IC.=-%!6F;!-#="5#16U;!5'-#="5#!-#+!.,.2]%$%!C="(+%%!&+%(=$H+&!$,!C.=-IYA AS!-'1&+-+=*$,
H#+-2)+1%)=@. (+1&$%-8%61)-*+20! d$+,+=1&+(,D'2)-$',!-'I=+*'D+!-#+1$,%-=)*+,-1$*C) 2% +!
=+9%C',%+!&$%-=$H)-$' Al"#$%!$%!L#+=+!-#+IC="(+%%3,5!" @!F"3W 1#$%-'5=.*%!H+5$,%A!<.=-164;
61#.=.(-+=3"$,5!-#+!K., &*18+.18)=@. (+;IH=+.c%!-#+!C="(+%%+&#$%-'5=.*1$,-'|.1U.)%%$., | $BL)
L &!(*C)-+%!-#+1.55=+5 - +1&$%-=$H)-$',1%-.-$%-$(%! @'=!F"3S:1)%$,5!+B).-#,ISXA

|

1Z[2\Z5 +"L #.B$'@ (BA"(<H"#B.$'B2(>1"(B&(7'%B#IB($IL1-%" (#'%L&'%" (
<.=-%

BF;18-.=-$,5IL$-#I#$%-'5=*' @!=+(+$D+&ICH-', #-+$5#-%] @="*I-#+1C=+D$ )05 €)-$ !
A(\%-.,-1%$5,.21-'1 '$%+!=.-$'168ZK(;! !

6G;!/*C)2%+K+%C' %-+IE$%-=$H)-$',

6L:IV)=$+=1-=.,06@'=*' @!-#+=+(+$D+&IH#$Y15=
BE:IV)=$+=1-=.,0%@'=*' @'-#+1$,%-=)*+ -1$*C) 206+1=+%C", Yo+ 1#$0h-'5= *
B7;11'%C)-+-#+1d$+ +=|@$2-#=
BVIFCC2J1d$+,+8+(,D'2)-$' 1= 1~$+2&1-#+ V) =$+=1"=_ % @'=*' @'-#+!8)=@.(+/ES%-=$H)-$,
BU;11*C)-+1-#+18)=@. (+14+$5#-IES%-=SH)L$,
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1"#*&'0*(8 &
(A)!'Noise Ratio Determination
9999999999999999999999999999999999999999999999999999999999999999

(! Start with the histogram of surfaceflected photons height, from section (5.3.2 (M)) versus the
sea surface height vectashx with height bin size equal 8f (e.g.,Bf= 0.01 m). Convert the
histogram to a vector array of probability density function (pdf) vaheekist The dimensions of
rechistandsshxare the same.

(! Smooth the received pdf with a ~Ii2der, lowpass Butterworth filter with cutoff wavenumber
corresponding to 0.fiihsize Run the filter forward and backward ovechistto yield the smoothed
histogramsmoothrechistFigure 17 showsechistin blue andsnoothrechistin red for an 8000
photon sample (left) and 800 photon sample (right)

Simulated Received SSH Distribution + Shot Noise= 0.080241 and Smoothed Version for Noise Differencing Siomg'a'ed Received SSH Distribution + Shot Noise= 0.097705 and Smoothed Version for Noise Differencing
°. T T T T T T T T T T T

ed Noise= 0.089539 SNR=1.0257

Mo, | hiw

L 01 L L L L L L
2 0 -8 -6 -4 2 0 2 4 8

Elevation (m) Elevation (m) I

V$5)=+ISXAIBJ,-#+%$+&I=+(+$D+&!IC="H.H$2$-J1&+,%$-J'@),(-$', %!6H2) +;1.%
(,D'2)-$',I'@!-#+!$,%-=)*+ -1$*C) 2%6+=+%C' %+I<EVIBVSSAIS T, &I-#+106],-#+%
-=)+1884I<EVIBV$5AISR;IC2)%!C) 2%+, 'SUSENI®'=IbWWWICH-' %!$%!.-12+@-!.
DWWICH'-' %1$%",1-#+=$5#-Al"#+06+<EV96I=+C=+%-+,-1-#+1&.- | %6l-#+J1L") 281 ("
@="1-#+1%)=@.(+@$,&$,5!C.=-I' @!-#+IC="(+%%$, SAI"H#+1=+&I2$, +1$%!-#+106*"
)%+ &1 1496-$* -+ -H+1%6$5, . 21+, +=5J1@'=I-#+1%$5 $e't|= -3 @!-#+=+(+$D+& 8. |

035 ' 06l

L

of guumamm

es as Fraction of Total per meter
°
by

Occurences as Fraction of Total per meter

(! Compute a signal to noise rat®NRQ equal to the standard deviation (stdswfoothrechisdivided
by the standard deviation of théfdrence between the received histogram and the smoothed
histogram SNRG stdeémoothrechisy/std((echistsmoothrechist

119999999999999999999999999999999999999999999999999999999999999999

!

6G;!/*C)2%+!K+%C', %+ E$%-=$H)-$',

9999999999999999999999999999999999999999999999999999

2H-.$,-#+1()==+,-IH+%-14%-$* .-+ @'=1-#+1$,%-=)*+,-1=+%C",%+!&$%-=BHA:$9%4" ' 0!.!

D+(-'=.==JI'@!C="H.H$2$-J!&+,%%$-1'@),(-$','D.2)+%! @'=!-#+1$*C) 2%+!4+%C",%+Al!
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"HHI$, %o-=) 5+ -I$*C) 2%6+=+06C' %o +1&$%-=$H) -GG & @="*I-H+1¥ V- I=+(+,-1-=. %*S$-!
+(#'1C)2%+16"7<;IC.%%+&! @="1F"3WQ$0,$8R-9(B,8*R%*8("28*Q()*PR8("OP&"%&
Q()*SR8("0J Al

U:#1U>)$'?&(19B:5!D/*'#

"HAI"T<L =+ &+=$D+&!@="*IC#"-',%!&+-+(-+&!DS$.!-#+!-=. %*$--+=1+(#'C.-#16"7<0!%++!8+(-$',!
XAA!!'@HF"3W IF'GE;Al"#+%+IC#'-',%!.=+IC$(c+&!'" @ @! @="*-#+!-=.,%*$--+&!2.%+=!C)2%+0!
L&1=")-+&!1$,-1-#+IF"3F8!=+(+$D+=0!@'=!F"3F8!%-=",5!H+.*%!S!., & Al"#+%+&.-.1*" $-'=!
H#+1$,-+=,.21-$*$ 51HS$.%!' @' F"8B!.%!L+22!.%!-#+!1$,%-=)*+,-1$*C) 2% +!=+%C",%+!@'=!-#+H+.*A
d+!L$22!.9%%$5,!"7<IS!'=1"7<I"1-'I+ (#IH+.*IL+IC="(+%%0!*.$,2J!S0!"0!.,&! TO!L.(('=&$,5!-'|-#+!
=+("*+,&.-$",%!$,!  4";/R$#,3/%;-40!'ROS!.==.0'$,&$(.-$,5ILA#S#H!"7<!-'N %+ @'=!+.(#!%C'-Al
?2=&+=I'@!-#+1.==.01$%!HJI5="),&!-= fcBe!5-S=e!5-:2e!5-:=e!5- 2@@="*IF"'3W ABZ'-+!
2%'01-#.-IL#+, - #+1%C.(+(=.@-!1$%!@2J%$,5!@'=L.=&!H+.*ISIL$-#!.1"7<!$%! ('D+=$,5!%C'-15-S=!.,&!
H+ *DILS-#1.1"7<1$%!('D+=$,5!%C"-15-:=Ald#+,!-#+1%C.(+(=.@-1$%! @2J$,5'H.(CL.=&!H+.*IS!
LS-#1.1"7<1$%!('D+=9$,5!%C"-15- 2!, &!H+.*"IL$-#117<1$%!('D+=$,5!%C'-15-: FA(1=&$,5!-"!
F'3W Ol-#+IC.=*+-+=%!.=+15+ +=.-+&!.%!'@-+,!.%!%) @ @$($+,-!"7<!&.-.1+0$%-%!$,!-#+!5=.,) 2+0!
-JC$(.22J1.H)-1+D+=J1@3$D+!5=.,)2+%!65=.,) 2+%!+.(#!%C.,|.H")ABEBY,'=H$-A; Al
?-#+=L$%+&.-.|@="*1-#+1C=$'=15=. )2 43U, +&!$, |- #+!()==+,-15=. ) 2+Al"#+!"7<ICH#'-'!
+D+,-1.==3D.2!-$*+%!1E+='DP&+& | &#F$%-'5=.*04";/<,%4/4,." YA
"HHI"T<ICH#'-',14+D+,-%! . =+I&'L, 2%, c+&!L#+, |- #+"T<ICH'-' 1+D+,-%!#.CC+,!-'I'(()=!
L$-#$,!-#+1-+2+*+-=JIH., &CC="0$*.-+2J!-L$(+!C+=I"=H$-0! @I'F-#=++1#) ,&=+&!%+(",&%A\!
"HHL ) HH=I'"@"7<ICH-',%!IC+=1%#'-1@'=1.!C.=-$()2.=IH+.*ID.=$+%A!l4'L+D+=0!-#+!=.-$"' @!
HH ) *H+=1'"@1"7<ICH#'-' %! H+-L++,IH+.%%!S!. &!".CC+.=%!%-.H2+!L$-#!.!D.2)+!"@!WAXO! L $-#!
H+.*ISIH+$,5!-#+1%-=" 5+=I'@!-#+!-L'AIFD+=.5%$,52%4%0!.!=.,5+I'@!$,%-=)*+,-!
(,@%$5)=.-$',%0!H+.*1SI5+ +=.-+%!.CC='0%*.-+2J)\WAW\I"7<IC#'-' %! C+=12.%+=!C)2%+0!.,&!
H+.*"15+ +=-+%!.CC="0$*.-+2J'WAWX!"7<IC#'-',%!C+=12.%+=IC)2%+A!F%%)*$,5!",+!"7<!
C#'-',14D+,-1C+=!1-L+,-J!1C)2%+%!.%!-#+12'L+=12$*$- 1 @'=!-#+ T B4#0!&'L, 2$,c$,5!"7<!
C#'-',%!@'=!.CC='0%$*.-+20#=++#),&=+&!%+( ,&%b#") 2&!I$+2&!.H)-ISTWOWWW!"7<!
CH#'-'\%AI'7T<ICH#'-' | 14+D+,-%!.=+!(.C-)=+& |, J-$*+|-#+=+| =+I¥'=+I-#  |-#$=-71%+(",&%!"' @!
(',-$5)")%!C'%%$H2+!"7<IC#-',|+D+,-%!$&+,- 3@ $+&!$, | FERASAQ! STOWWW!"7<IC#'&%0;0!
H+=+1 =%-12+.%-L.WWWIC'%%IH2+!"7<ICH#'-',%!$,-#+1%+-AlF22!.D.$2 . H2+!"7<IC#'-' %! L$-#3,!.!
58D+,1%+-1.=+1)%+&e!-#+=+1$%!,"NCC+=12$*$-I' |-#+1&)=.-$','=! )*H+=I"@!"7<ICH#'-', %0 Al"#+!
%+-1$%!+, &+&!L#+,|-#+"7<ICH#'-' %! .=+!,"1B+=! C=+%+,-1$,|-#+!-+2+*+-=JH.,&0"'=!@$D+!
%+(",&%!1#.D+1C.%%+&!L$-#!,".&&3$-$',.2!"7<IC#'-',%A!dS-#!.1%) @ @$($+,-!,) *H+=""@!C'%%$H2+!
"T<IC#'-,1+D+,-%!$&+,-$ @ $+&0!-#+%HHEB22H+H. (c5="),&!IC#'-', 1+ D+,-%01*$%(2.%% S @ $+&!
%3$5,.2!C#'-' | 14+D+,-%0!"'=I"7<IC#,1+D+,-%Al"#+!-$*+'@!&.J!' @!-#+!%-.=-'@!-#+!"7<!&.-.!
)%+&!$,1%)H%+B)+,-1.,.2%+%!$%!=+C'=-+&!" |F"3W; M@ O'L#$2+!-#+1&)=.-$",I'@!"7<!
&.-.1$%!=+C'=-+&\@4/38+%$4,-6 A

"HHIHGY0-'5= X' @1-#+00+1C' Y% SH2 +"T<ICH ' 1+D+,-%!1$%! @'=*+&1)%$, 5! TVVRCH (th:+('
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' %o+ (L &%A! "#+1.(-).21-$*+1H., &!12$*$-%! @'=!+. (#!"7T<IL$22IH+!$, &S (.-+ & HI 1 HBYIF!
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$%'2.-$,5!-#+IC=$*.=JIH.,&!" @!-$*+%!%C+($@A$+L$ED"/;+,:  0l-=$**$ 5!-#+!"7<1-'IC=$*.=]!
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+2+D.-$',1#3$%-'5=*Al
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79
Release Dat@1 Octdoer 2019



ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &
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&$%$H)-$', A
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H+=l#.,&15%)!.1#$3%-'5=*1"'@!(),-%!'@!.1*.%%$D+2J]!.--+,) .-+&!D+=%%$', ' @!-#+!-=.,%*$--+&!
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&$%-=$H)-$' All,I\V)=$+=16L.D+,)*H+=:1%C-(8%!$% 146, +=! @ $2- G- @'+ 0!
*)2-$C2$+&I-$5+061-#+1= -$'1 @!-#+1-=. % @'=*"' @!-#+=+(+$D+&!&$%-=$H)-$', 0!K@O!., &!-#+!
-=.,%@'=*"'@!-#+!$*C)2%+=+% CBIHRAXAN)" 6"+ WOIOf BOA

=$H)-$,

82l
Release Dat@1 Octdoer 2019



ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)
"#'$%"&"( &

(1 70.¥C2+%!' @AC2'--+&ID+=YRB. =+ 1%L 1$, V$5)=+1: R

Single-Sided Amplitude Spectrum of Surface Histogram

Single-Sided Amplitude Spectrum of Surface Histogram

1Yo 1

04

02
02 [ R
W I\

ol

o0 Lty I I L 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Wavenumber k (cyclesm) Wavenumber k (cycles/m) |

V$5)=+:SAI8$, B &+&!.*C23$-)&+!%C+(-=.I'"@!-#+!-=)+1%)=@.(+'<EV!+%-$*.
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=+0
SA1*C)-+l X00L%!-#+1$, D+=0%+IV")=$+=I"=. % @ X@DS&+& BLE%, VI
A E+-+=*3 +-#+1Q0$%80%,R" 3% % AE@ '=!-#+1%) = @bloH5=.*!
. 1 8+-B"+,R"3%%+EB).2!-'-#+1 A 0$%! @'=!-#+!=+(+$D+&!#$% =501 0
H;! V$,&V9,60!-#+!1(+22! ) *"H+=IL#+=F! 4<,%4+B).2%!"+=A
(! K+*D+-#+1@'22'L$,5!,)*H+=!'@!D.2)+%! @="*I-#+1+ &BB!R"3%%<E
2+,5-#:,4<,%4'*$,)%! V9,6l0S!
&;! K+*'D+l-#+@'22'L$,5!,)*H+=""@!D.2)+%! @="*!-#+@=",-1+,&3"@R"3%%<H 9,6!
*$,)%!SAI"#+12+ 5-#!'@H,R"3%%m#) 2&!,'LIH+!1+B).2!-"I-#+12+ 5-#!' GXA
‘A 1*C)-+! 3"+ R"3#%%<<I98).2!-"12+ 5-#'@!-#+!=+(+$D+&!%)=@.(+!#$%-'5=.*!
6E+"5<,%4U$,)%!2+ 5-#!' @!$C) 2% +1=+%C', WEBGI<,%AC2) %!SA
YA 1*C)-+! XOHJI-=),(.-$,5X00!-'1-#+ @$3%~R"3#%%<<|D6o2)+IbA
TA Z'=*2$"+! XOIHJI&$DSERIBD!-#+1%)*!' @!-#+IC="'&)(-" @0!.,&! 9,6%,VA!
RAL1*C)-+I-#+1*+ I'=l(+,-='$&!I'@! XOF'$6X 0!'HJ!%)**$,5!-#+1C="&)(-!""@X!.,&!
3"+,R"3%% <! &SDSE&S,5!-#.-1%)*IHI!-#+1%0)*!' BA
XA 1*C)-+1-#+1%-.,&.=&!&+D$.-$',!' @K0%4 3RQ!
.; 1 %B).=43"+,R"3%%<8,)%! :"$6X !l
H;! N2-$C2J!.;!HIX!
G ".cH%) T @!IH;!
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&;! ESD$&+!(;IHI1%)*1"@!
+:1 " CHI%B). =+1="-' @!&]
bA 1*C)-+1-#+%c+L, +%%! @ 'AF"=6"%%EX
o 1 1)H+B"+ R"3%%<85,)%! "$6X I
H:l 1)2-$C2J1.;IHIX!
;! ".c+%)*I'@IH:!
&;! ESD$&+!(;IHI1%)*1)@!
+:1 ESD$&+!&;IHI-#+1() P43X
\AL 1'*C)-+1-#+1C) =-'%$%!" @XQ!
21 1C)-+1 3"+ R"3%06485,)%! "$6X  'I-#+@")=-#IC'L+=]
H:l 1)2-$C2J!.;IHIX!
(! ".c+%)*I'@IH:!
&;! ESD$&+!(;IHI1%)*1"@!
+:1 ESD$&+!&;IHI-HM3XE #+1@')=-#IC'L++
@; 8)H-=.(--H=++1@="*14;
|

83, (+!-#+1=.-$',.2+!@'=1%"*+!'"@-#+%+1%-+C%!*.J!,"-H+!"HDOM') & -#+1%-+C%!*. J1#.D+!-'1H+!
*&P@P+&!&+C+,&$,5!" -#+H&I@ @ +=+,(+%!H+-L++,-#+!1.-2.H!6)%+&!$,!-#+1&+D+2'C*+,-. 2! ('&+;!.,&!
V'=-=,,16)%+&!$,!-#+IF8F8!('&;0!L+!C="D$&+!-#+@'22'L$,5!+0OC2., W@ '=!-#+1% B C%

(! 11*C)-+ IXOM+B).2!-'I-#+1$,D+=%¢)=$+=!-=.,%@'=*!"@!-#+!")-C)-I' @!-#8+,+=!@$2-+=$,5!
C="(+%0KQ ,%)=+!-#.-1-#+1=+9%)2-1$%!,'=* 2$M& % +=D+!+,+=5]!. & &$*+,%$',.2!
(,%%$%-+,(JAIV'=1+0.*C2+0!-#+!")-C)-I' @!-#+!1.-2.H!$, D+=%+IV")=$+=!-=., V6B *) %0-!H+!
&3IDB&+&!BLE%, VI@ & $*+,%9',.2! (', %$%-+,(JA

1*C)-+!0 90%$%!&+=$D+&! @+"9<,%4&!(#.=.(-+=$%-$(%!" @'$,%-=)*+,-1$*C) 286-806C',%+Al!
1',D'2D$,5!",+1@%$,5-+1%+=3$+%!"@!2+,5-#!1ZIL$-#!.,-#+=1"@!12+,5-#!1=+%)2-%!$,!.1%+=3+%!'@!
2+,5-#1Zol BAd+!c,'L!@)=-#+=!-#.-1$@!-#+13$,%-=)*+,-1$*C) 2% +!=+03EEYo+5=*1#.94"+="|
*+ IL$-#-#+1M+="TH$,1.-1$,&+0!IC'%$-$' V9,68#5%!L$22!1 &P (- .-+ E#H#+!C'$,-%!. =+ &&+&!
Sl-HH-2) I+ S5H-1#$%0-'5= %112+ 54+ - #+H =+ (+ D+ & #+ $5#-1#$%-' 5= *Al/ @ !-#+!$*C) 2% +!
=+%C',%+1&$%-=$H)-$', IL+=+19%J**+-=$(0!+B).2!C'$,-%!L") 2&!H+!.&&+&!-'I+.(#!+,&0!H)-!-#$%!$%!
,-16+,+=.2201-=)+Al/,1@. (0" %%)*$,5!2+,5-#1-#+12+.8!' @!-#+1$*C) 2% +!=+%C', % +!#$%-'5=.*1$%!
#E:,4<,90@". ,&!-#+1"+="1C'$,-1$%!.-1$, & +ODBNV9,6IP&'$,-%!L$22IH+! . &&+&!-'1-#+IH+58,,$,5!
'‘@!-#+1-2)+1%)=@. (+1#+$5#- 1#$%-'5= &R, 4<,9%00/9,68C'$,- %! L$22IH+! . &&+&!-'I-#+!+ &' @!
-#+1%)=@. (+#+35#-1#$%-'5=*1-"IC="&) (+!-#+!(',D'2D+&!=+(+$D+&!#$%-5=.*Al
(! /,IC="(+%%$,50!L+!=+D+=%+!-#3$%!-'1-=$*|-#+12+ 5-@ AP O$%!' @!-#+!=+(+$D+&!

#+$5#-1#$%-'5=0E+"5<, 94 !-#+!.CC="C=%$.-+1Q03$%! @'=!-#+!),&+=2J%$,5!%)=@.(+!#+$5#-!

#$%-'5=*0HIR+2+-$,5!-#+ @$P6IPIC'S$,-%!. , &!-#+12.YHE : 4<,%4/9,6/C'$,- 8@ ="*!

E+"5<,%4J$+2&!-#+!D+(-'=I"@O$%!' @!-#+1%)=@. (+'#$%28=+ R "3%%<ERE!2+,5-#0!

3"+, R"3#%%<<I9B2!-"12+ 5-#6 E+"5<, NAHE :,4<,%45;A
"=$**$,51-#+1D+(-"=I'"@!%)=@.(+'#$%-'5=.%1D.2)+%!$%! ("*C2$(.-+&!HI!-#+! +(+%%3$-J'@!C.&&S,5!
=+(+$D+&!#$%-'5=*IL$-#"+="%!-"1.12+ 5-#!+B).2!-'L.IC'L+=I"@!-L''@'=!(*C)-.-$','' @!$-%! @ .%-!
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V)=$+=1-=.,%@'=*AIF%).|=+96)240%-1$, |-#+C="-"-JC+11.-2.H|('&+0!-#+1$, D+=0%+ V') =$+=I-=. % @'=*!
'@1-#+1")-C)-I' @!-#+1d+$,+=1&+(',D'2)-$',IC="(+%%6000!. 2% '#.96!.12+ 5-#1+B).21-'1-#$%1% *+IC'L+=!
'@!-L'1., &1%#) 2&IH+1-=), (.-+&!-'1-#+1. CC='C=$.-+12+,5-4A

(! 1',%+B)+,-2J0!-=),(.-+! XOlc++C$,5!' 2JI-#+1@$=%-!,)*H+=""@!C'$,-%!$,!-#+'=$5%$,.2!1=+(+$D+&!
#3$%-'5=*12+% %D, 4<,%95 ;0! SAXAA "+, R"3#%%<<198).2!-'12+ 5-#GE+"5<, WAHE :,4<,%E5;A!
"#$%!1I$+28%!-#+1%)=@.(+'#$YXBE& @S, +&!' DB+, R"3%%<ER2.-IL$221#.D+!-#+! ) *H+=""@!
C'$,-%!(',%%$%-+,-IL$-#!&+(',D'2D$,5!-#+!$*C)2%+!=+%C', %+ @="*I-#+!=+(+$D+&!#$%-'5=*A

(! "I5$D+!-#+1%)=@.(+1#+$5#-IC="H.H$2$-J!&+,%$-J! @P($* B$ +!-#+X0l-'1* c+)C! @'=!
+,+=5J12'%-$#+d$+,+=1@$2LEC2P(.-$' Al"#+1$,-+5=21"®@W#") 2&!+B).2, $-J0!%'!-.c+X!+B).2!

-'1 X01&$DPE&+E&IHI-#+!1$,-+5=ROFEBAXMOK0!f16%)*!'@X0!09,6%, V,Al

(! FOLI#+(C!' 1-#+1&+(,D'2)-$',I("*C)-.-$" O1-#+!(+,-='$&I'@!  +"5<,%4&! XI%#)2&!H'-#IH+!,+.=!
A=), @-#+H&+-=+,&8,5!' @!-#+1%)=@. (+1#+$5#-%0!., &!-#+1.%%0) ¥+ &M=+ I' @!-#+!
$,%-=)*+,-1$*C)2%+!=+%C",%+!("*C)-.-$',!

(! 7Q*C2+%!" ., &!-#+1&$@ @+=+,(+'H+-LRH,&!-#+1%J,-#+-$(1%)=@. (+!+0.*C2+%!-#.- 1L +!1%-.=-+&!

True(r) & Normalized Recovered(b) SSH Dist, Estimated SNR=3.4569
0.45 T T T T T T 02

True-Normalized Recovered SSH Dist, Estimated SNR=3.4569
T T T T

o kgl Llu IH'WMIIIMI‘ wl\lh” MIMH 7 A

{1
-0.05 -
|

as Fraction of Total per meter

Occurences as Fraction of Total per meter

(m) |
V$5)=+: AV =1-#+DWWWICH-' 1=+.2$". -9, Q4 @-!$+&0!-#+<EV!I'@!-=) +1884I6V$5AISR;!
1U.)%%$.,!()=D+ @$-16&. BHERAIF29'I$, IH2)+-#+I<EV!' @!8841(.2()2.-+&IHII-#+d$+,+=
&+(,D'2)-$',1C="(+%%!6$,D+=0%-+1-=., % @'=*' @IFFEAH#!.IU.)%%$.,|() =D+ @$-168.99#+&
H2)+: R 1-#+1=$5#-1$%0 MBS @ @+=+, (+IH+-L++,1-#+1-=)+18841. &1-#+1(.2()2.-+&I884A

L$-#1.=+158D+,19/I$5)=+1:!@'=IbWWWICH-', %! &IV$5)=+!:1@'=bWWICA-' %

(1 V'=19)HYo+B)+,-1)%+!$,|-#+18&+=$D.-$',I' @!-#+IF"3S\I5=$&&+&!IC="&) (-0!-#+1%) = KH(-HTR @!!
H+1)-C)-1@'=1+.(#106+5%+,-1.2" BILS-#1-#+1-"- 21 )*H+=I'@1%)=@.(+!C#-', %CDL&! H$,1%$"+0!
9,6%,VM

(1 XI$%!&+@$, +&!'DB=(I'=I'@IHS$,!(+,-+=9%0b20)- I~ IL$22!H+!"C)-1.%! . ISWWSI+2+*+ - ID+(-'=1@'=!
+DF=J196+ 5%+, -IL$-#I-H-+H TWIBH, -+=1HS, H+$,5! @ '=1#+$5#-1"+="0 HSIFBALD Y 9,66, M +$, 51 -#+!
2'L+%-1HS$, IL$-#!,' M=" &1, &IHS, I TWSXKH#-=PY9,6%, UH+$, 51-#-+#$5#+06-1HS, ILS-#!,' AE&M
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(1 FO10%6$*C2+ (#+(C!', I-#+1'C-$%)*1U.)%%$., I$O-)=+&+-+=*$, .-, I' @ |-H#+ HSSH+=1¥ 5+ ' @-#+]
%+.19%)@.(+1&$%-=$H)-$' IL+HL$22!(*C)s&!)-C)- -#+F+. 0ID.=$.,(+01%C+L, +%%0!.,&!+O(+%%!
C)=-"%$I6X:"$62& XR$+2& XV F"=28 XEGPA+& - |- #+HS5H+=1**+ 06! @ X&S=+(-20A

(1!

! "#$%& Q. §I &/ 6" W1

& [#
! Yvar = "X ! MY#YE P 1( I! 6'S;!

| >% >%

) &/t & .
! #98. = 3 <!“--#<f .OO/E. “yxq ! 6 !

| ( (

Zf & # & .
! %wzjgg/ (!u,,#(f ﬁ/(f. .,)*%! I 6; !
! (>00 (>00 L

1Z[2\Z/( 1/ #.HB"#$U$' @ (BA"(,.>&I(+".(+1#).H" (

"H$Y6IC. 45 +0b1-#=")SHI-#+1., 2J%$%!C="(+%96!8&+%(=SH+&I$,IC. =-IY A Al 1&+-+=4G, +1-#+1-=) +]
%)=@.(+&$%-=$H)-$',0!,.*+2JQ!.OS*BL+2$#"&.,.2I%$%!- 18+-+=*$, +1-#+1*+. %0
D.=$.,(+0!.,&*$0%,5!=.-$'1 @!-#+1-L'IC.=+,-1,'=* 218$%-=$H)-$' YA

64:11*C)-+-#+: Q*C'+,  -1U.)%%S$.,*$0-)=¥B)$D.2+,-I' @!-#+!8)=@.(+'E$%-=$H)-$',
999999999999999999999999999999999999999999999999999999999999999999999999

(! At this point we have the probability density functidinpf detrended DOT over height bins with
centers asshx The detrading process used in surface finding removed an avaregmoffit2,
from the original heights. Once we have determined the mean and higher moméntz aould
addmeanoffit2to the mean oY to learn the mean DOT over the ocean segment. However,
preliminary analysis suggests if we améanoffit2 back into the distribution before tloptimal
Gaussian Mixture determinatiotie resulting higher moments are less noisy over many ocean
segments. This can be done by shifssgxby addingmeanoffit2to eachvalue insshx Then the

true average DOT will be a derived as the aggregate mean of the optimally derived Gaussian mixtu

For the developmental Matlab code a slightly different but equivalent approach was used.

(! While the Matlab development code usedaximum likelihoodapproachMatlab function
gmdistribution.fi) to compute the-2omponent Gaussian mixture corresponding to the observed
surface height distributiory,. The ASAS code will use an iterative Maximum Expectation approach
from ATBD ATLO7 Appendix E.
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(! For the development code using Matlab gmfitdistribution.fit routine, we first created a sea surface
height spatial series with the height distributdrThis is accomplished by first multiplyingby
10,000, rounding and deleting zeros togwoe an integer distributiolf]. A series XY, is assembled
by corcaenatingfor each value oY (i) for indexi corresponding theightsshx(i), YI(i) values
equal tosshx(i). The shift to heights includingeanoffit2was accomplished in this case by iadd
meanoffit2to each value iXY. Although it is not strictly necessary, the valuexX¥fare randomly
permutated to produce a realistic distribution of heights with the probability density fu¥iciion

True-Normalized Recovered SSH Dist, Estimated SNR=1.0257
True(n) & Normalized Recovered(b) SSH Dist, Estimated SNR=1.0257 1 T T T
T T T T T

08

o
@

o
o

Fraction of Total per meter

ces as Fraction of Total per meter
o
IS

Ocet

T

0.2

r L L L L I 0.4
0.2.6 B » -6

Elevation (m) Elevation (m)

|
V$5)=+" AIV'=I-#+IbWWICH' - 1=+ 287 -$702+ @8, | =+&0!-#+I<EV!'@!-=)+188416 V$5A!S ; IL
U.)%%$.,!()=D+@%$-!16& BH&AIF29%'1$, IH2)+-#+<EV!'@!884!(.2()2.-+&HI-#+1d$+, +=!
&+(',D'2)-$',1C="(+%%!6$,D+=%+!-=.,%@'=*I' @ V$5A!:S;IL$-#. I} )H#D6B@ $-16&. %0+ &
H2)+; R !-#+1=35#- 3%+ S@ @+=+,(+'H+-L++,-#+1-=)+1884!. &!-#+1(.2()2.-+&I884A

heights given irsshxshifted by addingneanoffit2

(! We then compute the@mpnet Gaussian mixture variablesf, the tweGaussia mixtureusing
GMfit=gmfitdistribution.fit (XY(CR).

(! The result is Gaussiamixture distribution with 2 components

gd$-#1+0.*C2+!")-C)-1@'=!bWWWICH'-%
U.)%%$.,1*$0-)=+&$%-=$H)-$', ILS-#1:1(*C',+,-%!$, 1SI&$*+ %S 1%
1'*C' +,-IS

1$0$,5!C='C'=-$', 0i@ IN'WAYTXW:R

I+, 0! 8@n!SAWYHbb

8-.,&.=&IE+D$.-$', 0A, 1@ AWWR:

1*C' 4,2l Q!

1$0$,5!C='C'=-$', 0! (&WATY:\XY

I+, 0! 8( IN'WAWWbDS

8-.,&.=&IE+D$.-$', OA, 1(&nISAWTY"

|
IQV'=I-#+IDWWICH-',|(.%+-#+1=+96)2-9%1. =+Q
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U.)%%$.,1*$0-)=+1&$%-=$H)-$', IL$-#!:I(*C',+,-%!$,!SI&$*+,%$' 1%

1*C'+.-IS

1$0$,5!C="C'=-¢', 0l@ In"WAT "W

I+, 0! 8@n!'WAbY W

8-.,&.=&!E+D$.-$', OA, 1@:AWTTN

1*C' +.-I: !

1$0$,5!C="C'=-$', 0! (IN'WAYRR\RX

I+., O 8( IN'OWVAWTT"

8-.,&.=&'E+D$.-$', OA, 1( nISAWTY

|

6/;11*C)-+!-#+! F55=+5.-H +.,0!x.=$.,(+08c+L,+%%K&! k)=-"%$¥@®!8+.!3-@.(+H4 +$5#+
999999999999999999999999999999999999999999999999999999999999999999999999

(! IS%+!-#+!@$D+!C.= *+- @Y+ ) %%$.,1*$O-)=+1-'1(*C)-+!-#+1 55=+5 -+ 1**+ %60l @$=%-!
-#="\5#1@")=-#!'@!-#+!.55=+5.-+*$O-)MAFrom(27), for a mixture of two Gaussiamgth a fraction

m1 (m) from the first Gaussian with meamul (4;) and standard deviatiasmgl (/ ;) and a fraction

m2 (m) (note:m+m=1) from thesecondGaussian with meamu?2 (47 and standard deviati®ig2(/ 2
thej» moment of the mixtures calculatedaccording to:

!
2 :
] | i1k

| e |7 v i T

! é#'““ "%&(/(#u(ss b Sl ol

!

Z'-+1-#.-1$,1("*C)-$,5!-#+1**+ -% 16°Y;0!-#+1#$5%-'5=*1&.-.|-#+!+OC+(-.-$',I'C+=.-$',16 7I'm;!$%!
-1 (). 2140+()-+&0H+()%+'HD$')%2JIL+1&'L -1 . D+-#+1%.*C2+IC'D).-$', %! @!-#+1*$0-) =+!
(*C',+,-% Al'#tHOCH(-.-$',I'C+=.-'= L.CC+.=9U$,16 Y;!-'"l $,&$(.-+!-##O-)=+!*"*+ 05!, &!-#+!
*$O-)=+["*C',+,-1**+ -0%!(*3$,5!@="*18+(-$',| TA:ATA:164;| H'D+A!"#+%+!.=+|.CC2$+&!
%+B)+,-$.20)%$,5!", 21 @$=%-1.,81%+(", &**+ -WB@-#+*$O-)=+I(*C' +,- %!.,&-#+1*$0$,5!
C='C'=-%',%-"15+-)CI-'I-#+ @=-#1*"*+-'@!-#+I*$ O)=+Al

9 "#+!@$:°/0-!*'*+,-!':!*+.,!'@!-#+!*$O-):+O’U,, #$:" 160D, IR6!-#Ek., '@!-#+
&+-=+,&+&1%)=@.(+!C#"-' | #+$5#-%!=+2.-$D+!-"I-#+ 6 $-F&H#+*+ '@ - #+] & +-=+,&$,5!C="(+%%0!
"$6-00,4( '6+B).2-"I-#+1*+ I'@! *' o*@4+$5F3,%4/,6,4,$#/Y6+B.&+&!H.(C!$,!C=$'=!-"|-#+!
U.)%%3.,1*$O-)=+1&+-+=*$,.-$' AH)%!$-1=+C=+%+,-%!-#+1*+ E?"),(==+(-+&! @'=1%+.!%-.-+!H$.%0!
2' 517+ (+.,1%4+5%+ A "#+=+@'=+0!-#+1*+.,1%+.1%)=@. (+#-OPPH0@ '=!-#+1%+5%+,-1-'TH+!
N-C)-1$,IF"3S:  1$%!+B).2!-#+F+.I'  @!-#+1*$0-)8k.. , plusmeangdhtequal to the mean of geoid
height,gd_ht over the segme@t
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| P T8O TS S S () 16°T;!

9 "HH%0+(, &IF 4+ -I' @I-#+1*$O-) =+1$%!-#+1%+.1%)=@. (+!#+$5#- I D. = A> B+0@'=!-#+!
%+5*+,-I-'IH+!")-C)-1$,IF"3S: 1,&1)%+&!-'1+%-$*.-+!%5,5@$(.,-|L.D+1#+$54-At+1L+1&' t-!
$,(2)&+!-#+1D.=8$.,(+!&)+!-'1-#+1%+5%+,-1-=+ &!$,1%+.1%)=@. (+'#+$5#-1&) +!-"),&+=2J$,5!-=+,&%!$, |- #+
E?"I'=I5+'$&1#+$5#-N="*1 6:\; Ol-#+1%+(,&*"*+,- 0=1%B).=+&!%-.,&.=&!&+D$",0!/ %5 d0@#+!
*$0-)=H$%

|

! SSHar=!7, = ml((u1 ")+ f)+ mz((/Jz " )+ 5) I 6'R;!
g Using (34), computethird and fourth moments, we obtain the sea surface haligltness,
SSHskewand excess kurtosSHkurt,

! SSHkew =Y ! 1) §/€2, ! 6'X;!
! SSHurt =E}(Y! uy,) §/&r,! 3! 6'b;,

,&1"-C)-1-#+%+1.9%!C.=-I'@!F"3S:I-' IH+--+=1(#.=.(-+=$"+1-#+1%+.190) APA =+ L +11&t-!
$,(2)&+!-#+!%c+L,+%%!.,&!c):-'%$%!&)+!-'!-#+!%+5*+,-!-:+,&!$,!%):@.(+§#+$5#-A

1Z[2\Z[( 8& H-1%$& %) &#(+"HB$&' (JZX NI

2)=1960,-#+-$(1-=)+188418$%-=$H)-$', IL. %! . %6%6)*+&I-'TH+1. 1+ D+, *SGEEHY%!&=.L, | @="*"
L'1U.)%%8$.,1&$%-=$H)-$', %60 +HIL$-#1. 1+ I'@N+="1. &1%-.,& =&&+D$.-$','@!SI*0!.,&!
HAVHHILSH I @IS 81106, &.=&I&+D$.-$', '@ *A |

"HH=400)2-I' @S+ +=18+(,D'2)-$' I @!-#+1%J,-#+06$ +&I=+(+$D+&!8$%-=$H)-$', 01+ &+IHJ!
(,D'2D$,5!-#+1-=)+18841&$%-=$H)-$', L $-#!-B196-=)*+ -1$*C) 206+ =+% P 18.$%-=$H)-$',!
,&1.88&%,5!,'$%+01C='&) (+&L#.-1$%!+%%+,-$.22]1.106* - #+&ID+=%S',|' @!-#+1-=)+!884!
&$%-=$H)-$'VG5A! 12+@-1@'='bWWW!ICH'-' WBRAI 2+ @-1@'=!bWWICH-' %:Al"#+1U.)%%$.,
@$-%!-'1-H#+1-=)+, &1(.2()2.-+&!&$%-=$H)-$', %! 80806~ & .=&I&+D$.-$', %! =+ID$=-).22J!
$&+,-$(.201H)-I'@!(")=%-+01H'-#1*$%% | -#+ U Q2. &1%6c+L,+960%6! @1-#+1-=)+1.,&!
(.2()2.-+&18841&$%-=$H)-$'1%A

$%$,5!-#+11.-2. HI5*&$%-=$H)-$' A@$-1 @), (-$',I", I-#+1(.2() 2.-+&!8841&$%-=$H)-$',.,&!
96%)*$,51*$0-)=+8&$%-=$H)-$', IL$-#1:1U.)%%S3.,|(*C',+,-%!$,1S1&$*+,%$', | I$+2&%! @'=!bWWW!

CH#-' %+, %" @' WAWWDS*!. &ISAWYbb!*ID+=06)0%!-#+1-=)+1D.2)+06!' @!W!*!, &ISI*AI"#+1
70C+(-.-$',1.O$*$".-$',1671:!' @!5*8$%-=$H)-$, A@$-1I$+2&%!%-.,&.=&I&+D$.-$', %! @'=!-#+1-L'!
U.)%%$.,!(*C',+,-%" @!SASYDS!*!. &1: AWWR: *ID+=06)%!-#+1-=)+1D.2)+%!' @!S!*!, &1 *Al"#+]
5*8$%-=$H)-$AD$-1D.2)+1*$0-)=+!=.-$'06! =+HWATY W!.,&IWAY TXW!D+=%)%!-#+1-=)+1D.2) +%!' @
L&IWATWA
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V'=IDWWICH'-', %!-#+1711C="(+96%!I$+28%6 1+ DV @N T T I*1. &IWADY "W D+4%)%=)+!
D.2)+%!'@!W!*1. &ISFAI'#+7TOCH(-.-$',I.O$*$.-$',I' @15*&$%-=$H) BD $-1I$+28%1%- ., &.=&!
&+D$.-$',%!@'=1-#+1-L'1U.)%%$.,|(*C',+,-% ! @ISAWT 1, &1:AWTT\IID+=06)06!-#+1-=)+1
D.2)+%!'@!S!*L., &!: *AI"#+15*8$%-=$H)-$',0@$-1D.2) +1*$O-)=+!=.-$ WAYRKW!. &IWAT " W!
D+=9)%!-#+1-=)+1D.2)+%!' @ WATW! & WATWA

"H+00+1=+9%)2-%ILES#! +=1(',D'2)-$',1.,&!.,.20%3$%!HI @$--$,5!.1*C"  +,-1U.)%%$. !
1$0-)=+%!.=+IC="*$%%$,5A112+.=2JIbWWW!CH#"-' %IC="&) (+%!*)(#!H+--+=!| @$&+2$-J!-#.,IbWW!
CH#'-' %AI"#$%!*'&+2$,5!. CC(#!5$D+%!)%!(, @$&+, (+!-#.-1-#+1.,.21%$%!C="(+&)=+!$%!
(.C.H2+'@!.,1.((=.-++%-$*.-+'@!%)=@.(+1%-.-$%-$(%AIV) =-#+=1-+%-$ 5| L$-#1%J,-#+-$(1&.-.0!
IFG73!&.-.1.,&F"3F8!%%$*)2.-'=1&.-.IL$22!H+!,++&+&!@)22]"),&+=%-.,&!-#+!(.C.H$2$-$+%!'@!
-#+%+!-"2%AIV'=1+CC2+0!.1*'=+IC=+($%+!-+%-!'@!(.C.H$2$-J1*$5#-IH+!-"1%+!, | 1$&+.2$"N+&!
%J,-#+-$(1%)=@.(+#$%-'5=*1-#.-1L.%!*'=+! + =2JIC+=@+(-0'#.D$,5'H++,!&+=$D+&!.,.2J-$(.22J!
'=1&=.L,1.%!L+1#.D+1#+=+0'H)-!@="*1.ID+=J!12.=5+! ) *H+=I"@!%.*C2+%!6+A5 A0 b2V WW;Al!
S$%+IL')2&!-#+, IH+!.&&+&!('==+%C",&$,5!-'ID.=$")%!%.*C 2+ %M AL & +(',D'2)-$',!
=+06)2-%!()2&!-#+,IH+(*C.=+&!-'1-#+IC+=@+(-2J1$&+.2$"+&!%)=@. (+#$%-'5=.*. &!+=="=%!
~-=$H)-+&1%'2+2J1-' |- #+1C="(+%%$,5!C="(+&)=+0IL$-#!, 1+=="=1 %% ($.-+ &L $-#!-#+1$,$-$.2!
%J,-#+%$"+&1%)=@.(+A

11=),,$,51#+1-2.H  d$+ +=18&+(,D'2)-$',1C="-"-JCH%(#+*+0IL+ @"),&!$-1-'1H+1%-.H2+!
'D+=1IL$&+=. 5+'@!$*C'%+&!,'$%+1D.2)+%!.,&1%+D+=.21U.)%%$., *$O-)=+%AIV'=ID+=JIH#S$5#!
96%)*+&1%6$5,.21-'1,'$%6+1= -$'%601$-1¥'=+1(2'%+ 2J1=+C='8) (+H)+H#884I<EV16+ AFGE%A! !

L&Y 106+4%$ 5271 ((+C-$,51.961%6$5, . 21L#.-12"C%!-"1)%12$ -+, '$%6+1&)+1-'12'L 106 *C2+1('),-%6A!
V'=12'L1046$5,.21-1,'$%+1=.-$'%601-H$H +=1&+(,D'2)-$', 1% (#+*+1C="8) (+&).1%*"-#+&!

D+=%$',I' @!-#+1%J,-#+-$(188418$%-=3H)-$' 01-BE)LIS+!,'$%+1&) +1-'12'L1%.*C2+!(),-%Al
AHS2+IL+-HS, Cl-#+ I +-H# &) @196$5,.21-'1,'$%0+1+06-$* -, ) Yo+ &IH+=+1$%!=+.06', H2+01$-1¥)06-1H+!
4+ 0b-+&ILS-#1=+.21& - Al ILH#.-+D+=1L. JIL++06-$* -+1-#+196$5,.21-'1 '$%+1= -$' OB # =

&+(,D'2)-$' 1% (#+*+.CC+.=%!-'1H +1.1="H)%-1L.JI' @#.,&2%,5!$-Al/-1&'+%!., 1+O(+22+,-1>'H'@!
=+C='&)($,5!-#+'D+=.221*+. 1. &ID.=$.,(+'@!-#+1-=)+I884I<EVI6\VEE 1.&! : ;A

V$--$,51.1U.)%%$.,1*$O-)=+!*'&+2!-"1-#+1&.-.1.2%').CC+.=%!-"IL'=c!L+22!H)- L +1%#")2&!
+OC+=$*+,-ILS-#12.=5+=! Y *H+=2@!1%J,-#+-$(!C#'-",1(),-%!-'1%++!L#.-1$*C='D+*+,-%!(.,!

H+1* &+1-1-#+1 (()=.(3"'@!-#+!(*C'+,-1*+.,%!.,&!D.=$.,(+%Ald+!.29%0'] ++&!-'1%++#'L!
H#+*$0-)=+1*+, %!, &IHPSH#+=1*"*+ -00167B,AISX;!I$*C="D+ILS-##S5#+=IC#"-',!("),-%A!
G+()%+!IL+#.D+l-=+.-+&!-#+1].-2H!=")-$,+15*& $%-=$H)-$' A@$-!.%!.!H2.(c!H'O0!L+!.2%" , ++&!
S124 .= K=+ HY) - LI-#H 71 +-#'& 1L '=c %!, &L ") 2&!H+!.CC2$+&!8$,!.1%-.,&.2' +!('&+A!

"HAHIQO(H#H (L JHHI(*C=+&)-1-#+1*$, $%)*196B) . =+&!+=="=1.CC=".(#!)%+&! @'=!U3F8!.,&!
L+!(.,1%++$@!-#.-1+O$%=9:8,+!(.,|H+)%+&! @'=!F"3F8!-'1&+=$D+1U.)%%$.,*$O-)=+%!
=+C=+%+,-$,5!-#+!'(+.,1%)=@.(+!#+$5#-1&$%-=3H)-$' A
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L7X7L*LL-2$' @ (" ($%&$6+K (9%B$1.B" (

I"H+1)1=>&55BAG1+06-$* .-+ @!8+(-$', ITA A I(, IH+!.CC2$+&!-'1-#+1*+., 18841 &IE?"16n8@4
7UEWWDU+'$&;1@'=1(*C.=$%",1-1$,106$-)! (.2fD. 21 =" -#+=1. 2-$*+-+ =% Al"#+I$*C.(-I' @-#$%!
88G!', I+ #+=1""*+ %I$%!"GEA

L7X7_9aL"HB">(<'H"#B.$'B$"%($(S".'%(&)(+".(+1#).H"(?"$@AB ((

"#+'(+.,1C="&) (-%!" @!F"3S:.=+!-#+1&$%-=$H)-$',%!' @!%+.1%)=@. (+#+$5#-'D+=I"(+.,!
%+5*+,-%!-JC$(.22HK!c*12',5!.,&!%,(2)&$,5!.H")-IbOWWW!(.,&$&.-+1%)=@.(+'=+@2+(-+&!
CH#'-' %A!"#+1#+35#-1&3$%-=3H)-$', %! .=+ (#.=.(-+=$"+&!) C!-#=")5#-#4$=+¥%!6*+.,0!
%-.,&.=&!&+D$.-$',0!1%cC+L,+%%0!.,&!c)=-'%$%:;!)%S$, AUHH%$.,1*$O-)=+1.CC=".(#A!-#$%!
%)H%+(-$Q!L+!+O.*$,+!-#+1* 5 $-)&+!'@!-#+!+OC+(-+&!),(+=-.5,-$+%!$, 2#+1' @ - #+!
%)=@.(#+$5#&$%-=3H)-$' AIV'=I-#+I'C+,I"(+.,0IL+! (", % S&A £ +=-.$,- IS, -#+1*+, I#+$5#-

&)+!-' @

SAI8$5,2 9'$%+!(",%$&+=.-$',%!$,!.1&$%-=$H)-$','@!C#"-',#+$5¢-%A

A, (+=-.8,-$+%!$, 1-#+1*+ 1$*C) 2% +!=+%C" % +A

" Al8)H%)=@.(+!%(.--+3$,5A

"H#+%+! . =+IH'=="L+&!@="!.,&!(',%$%-+,-ILS-#!-#+IF"'3WX!8+.!/(+!F"'GE!+O (&E+!-#+12'L!

= -+'@!C#-',1=+-)=,%!6.H")-ISIC#-',IC+=IC) 2%+;!'D+=!-#+!'(+.,1%)=@.(+0!L+!+O(2) &+ %D $=%-
C#'-'IH$ .%A!d+1.29%"1&'],"-1(,%$&+=1%+.!%-.-+IH$.%!&$%()%%+&!$,|C=+D$") %! (#.C-+=%!H+(.) %+!
L+1.=+1(.2()2.-$,5!88G!&$=+(-2J!.,&!-#+1+=="=051$ 1-#$%!(.2()2.-$', |L$22!# .D+!-'IH+|&+-+=*$ +&!
&)=9$,5!-#+1/178.9!1(.2fD.2!C="(+%%A

|

L7X7_TK$@'.-BE&S$Y%" (H&'%$>"#.B$&'%(.">(BA"(>&I $'.'B("))"HB(&)(%1#).H"(
W.T"(H&1@A" %%

d+!1+OC+(-1-#+12.=5+%-1(',-=$H)-$',%!-'1),(+=-.$,-J!$, |- #+1*+. 1%+.19%) =@. (+#+$5#- - |H+!&) +!
-1%)=@.(+!=")5#,+%%!.,&!.-12+.%-I'D+=1%#=-1.D+=.5$,5!2+,5-#%!$,!&.J-$*+0!H.(c5="),&!
S $%+BH+!-- 21 ) H+=I"@!IC#'-',% !
6D 5;!$,!. 1#+$5#-1L$,&'LO- 0!$%!-#+1%)*I'@!-#+!,)*H+=1"@!%%$5,.2!C#'-',%0!-#+!H.(c5%"),&
=6 & A+ ) HA=I"@1C) 2% & oo LSS -#.-1LS,&'LQ !

ID 5(!n!ID 20¢)01D @sb

G.(c5="),&IC#-',%!.=+!),$@'=*2J1&$%-=$H)-+& L $-#$,-#+1#+55#-1L.$,&'L ., &!-#) !
%-.,&.=&!&+D$.-$', 0hasl®! (., H+!IL=$--+,1.940

bi@sin'd!6S:; S nIWA:bXI- 0
L#+=+-#+1@.(-'=|AX!$%!-#+1%-.,&.=&!&+D$.-$',I'@!.)), $@'=*!=.,&*ID.=$.H2+!",1.1),$-

$,-+=D.2AI"#+1, ) *H+=I'@!H.(c5="), &ICH#-' %!ID @sd$, I-#+1L$,&'LI6 - ;1$%!.1<'$%%',
D.=$.H2+IL$-#1.1%+_,1D.2)+I5$D+,!HUQ
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ID @stil: 1l —pese JK NEDF( ;!
|@!-#+18$%-=$H)-$',!' @!-#+1=+(+$D+&1%$5,.21CH'-' %!$%!.CC="0$*.-+2J1U.)%%S$.,Ql-#+!D.=$., (+
&+C+,&YGIH+1-=. %*$- AC)2%+IL$&-HGw4 1. &I-#+1%)=@.(+1=")5#,+%%G/0:;Q

b-gos)* IN!D>s/0: 10104 1 |

"HH+OCH-+&I(*C'%$-+ID.=$.,(+' @!%)=@. (+1#+$5#-1 (., 1-#+ IHHL=$--+,1.%Q

12 4+& 12
! I 2 :& e e TE G2 I

#Wo ' '
| &y &
70(+C-1@'=!-#+1="5#,+%%0!.22!'@!-#+!B).,-$-$+%!$,!-#$%!+B).-$',! (., H+!+%-$* .-+ Q! @="*1-#+
&.- QI-#+1H.(C5="), &1, 81%$5, . 21CH" 1(),-%61(, IH+1+06-$* -+&I@="*1 -#+]-"-.21 J*H+=I'@ |
CH#- %), &I-#+H.(C5="),81=.~+AIV'=LI=+2. -$D+2J1%*" H @2.-1%)=@. (+01-#++OC+(-+&
D.=$.,(+I$,1-#+14%-8* -8 I'@1%)=@.(+1H+$54#-18, LIS, &'LI @k & ,IH+1(.2()2.-+&1)%S$,50

I #

!ll##@ — "H#$0 |
"H#®% '

I &

§2-$*.-+2J1/178.-9!"(+.,1&.-.1L.$2212$c+2J1+O-+,&!$,-"I-#+1* =53, . 21$(+N',+161/r;| @'=!L#+=+!

HH1& .- ILS22IH+!., . 2IM+ & @'=1%#'=-1.8,5.(c!&$%-.,(+%!.,&!1%*"-#IL.-+=AlV="*-#+IF"GE!

@'=18+.1/(+I6F"3WXDH=1.1@22+.&!L$-#!*+.,|=+-)=,%!'@!g#'-', IC+=C)2%\'=ISWW!

C)2%+%! G{\@%*"-#I'C+,IL.-+=;IL$-#1.1,*$, . 21=+@2+(-.,(+I'@'WA:!.,&!,"H.(c5="),&!

5% +OHH+OCH(-+R(+=-.$,-J1$%ISAWI (*1&)++,-$=+2J1-'1), (+=-.5,-J1&)+!-'IC) 2% +! L $&-#A!

d$-#1. 14MH. (C5="),&!=.-+1-#+]),(+=-.$,-01$,(=+.%+%!-'ISAS!(*A 17D+,!.-1%# =-1&$%-.,(+%0!

#+1(,-=$H)-$,I'@'H.(c5="),&!,'$%+!$%!%* . 22A!
[1-=)+1CHV(+,1(,&3-9', %! -#+1&*S,. - 1%)=(+'@!), (+=-.8,-I!$, |-#+1*+. |

H+$5H#-1' @!-#+1%+.19%)=@. (+!'D+=!+.(#'(+.,19%+5%+,- ILS$2 2| H+!-#+!=")5#,+% %! @!-#+1%) =@ . (+&) +!

-'IL.D+%A

! /
— ) ‘I#$)/0 n

I" = NP |
[ \/& 00+ \/& 00+
V'=11-JC$(.2!%$-).-$', ILS-#!.1%$5,$@$(.,- L. D+!#+$5#-168dxyk |;1+B).2!-'1:1*0!
Dxjv# 1+B).2%!WAT!*0!.,&'D+=1.1-JC$H(.2!"(+.,1%+5*+,-IL$-#DOWWW!C#'-' ,%0!-#+!), (+=-.$,-J!
$,!-#+!'(+.,!%+5*+,-!*+.,!%+.!%):@.(+!#+$5#-Ql'l,#$/00!L$22!H+!!WATR!(*A!?D+:!l)BWVWU!C
I Y090 ($.-+&ILE#1%) =@ . (+!=")5#,+%%!L$22!=+*$, 12+ 0o YH@ FBBd4! 2+%%%0! 4., AR A
V':!2.25+:!8d40!'(+.,!%+5*+,-%!L$22!,++&!-'!H+!.55:+5.-+&!-'!*.$,-.$,!S!(*!),(+:-.$,-J!$,!
*+,,1%+.1%)=@.(+'#+$54-Al
!

1Z[Z7Z/( <'H"#B.$'B$"%($' (BA"(I".($IL1-%" (#'%L&'%"  (

[, 1)=IC="(+%%$,5!L+01.((),-|@'=!-#+I$*C.(-I' @!-#+1$,%-=)*+,-1$*C) 2%+1=+%C", % +!
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6//<;!' 1-#+1&3$%-=$H)-$',%!" @!%)=@.(+#+$5#-%'HI!&+(',D'2DS$,5! @="*!-#+!=+(+$D+& #+$5#-!
&$%-=$H)-$',%!-#+!$*C) 2% +!=+%C', %+!+%-$*.-+ & @="*I-#+!-=.,%*$-1+(#'1C) 2% +!6"7<;Al"'|-#+!
+O+,-1-# .- 1-#+H"T<I=+C=+%+,-%!-#+1$*C) 2% +!=+%C", %+!-#$%!%#") 2& !+ 2$*$, .- +!),(+=-.$,-J1 &) +!
S-#HI<AlS, (+=-.8,-3+%!1&) +I-L1FS%0* - (#IH+-L++, -#+1" 7<) &1-=)+//<IL$221#.D+!-"TH+!
$,@+==+&!HJ!+0.*$,.-$' ' @!-#+!"7<!$ - #+I7HP-1 &.- O'L#S (#!=+*.$,%!-'IH+HI &' +A

1Z[Z7Z[( <H"#B.$'B$"%E 1" (B&(%1Q%1#).H"(%H.BB"#$ @Z

G+(\)%+!-#+H2B=++,12.%+=!"@!F"3F8!C+,+-=.-+%!L.-+=0!-=)+1%)H%)=@.(+!=+-)=,%!
#.D+1.2L.J%!H++,LI(",(+=,0L.,&!-#+1#$5#+=1%)H%)=@.(+!&+,%$-JI'@!CH'-',%!* JIH+! &) +!$,!
C.=-I-"1-2)+%)H%)=@.(+!%(.--+=9$,5!$, #FA!4'L+D+=0!L+1%++1%$*$2.=2J!+ #.,(+&!
%)H%)=@.(+'&+,%%$-$+%!'D+=0!(2+.=1&++C!'(+.,IL.-+=%!.,&!+D+,'D+=12., & L#+=+IC+,+-=.-$',!
L&H.(c%(.--+=1%#")2&,t-I'(()=Al1l",%+B)+,-2J!C=+%+,-I-#$,c$,5!+OC=+%%+&!$,!-#+IF"3W"!
K,'L,!/%%)+%!$%!-#.-1-#+1%)H%)=@.(+H3¥D+2!$%!&) +!-'| @'=L.=&!%(.--+=$,5!&+2.J%!$, ! -#+!
~HUCHH=+"'@!1%)=@.(+'=+@2+(-+&!CH#'-' %A
d#.-+D+=1-#+$=1(.)%+0!%"*+1%)H%)=@.(+!C#'-',\#+$5#-%!.=+IH+$,5!$,(2) & +&!$,!-#+1%)=@. (+!
#+$5#-1#$%-'5=*01(=+.-$,5!L#.-IL+-#$,c!*. JIH+]. I'=&+=1D 1 (*IH$.%!$,!.D+=5+!884A!""!
=+&)(+!-#+1%+,%%-3D$-J!-'1%)HY%)=@.(+!=+-)=,%0!-#+|C=+%+,-1&+D+2'C*+,- 2! ('&+! @ $=%-!*.c+%!.!
%$*C2+!+%-$*.-+!I'@!-#+1#I5#!.,&!12'L1#$%-'5=*125*$-%!.,&!-#+,)%+%!-#+%+!-'| &+-+=*F,+!
%+C.=.-+.H'D+1%)=@.(+!.,&!%)H%)=@.(+!,'$%+12$B62%0%, 1&, &US #6-,%0"#-Al"#+!

)2-$* - +IHSEH#I2$*$- 1% -#+, | (#' Yo+, | L#+=+!-#+%*"-#+&1#F$%-'5=*1@.22%!H+2'L.! @.(-'=!
B</C5/06+ATBLICS/0n!SAT;!-$*+%b #6-,%"<,14,&!2'LI12$*$-1$5%! (#' %o+, IL#+=+!-#+!
%*"-#+&#$%-'5=*1@ 22%!H+2'L!-#+1%.*+!@.(-'=!-$4BB6-,%"#-AHS% *+-#'&!' @!
=+&)($,5!%)H%)=@.(+!=+-)=,%!L$22!H+!$,!@)-) =+!=+2+.%+%Ald+!.2%'IC2.,!-')%+!.1#$%-'5=*|@'=!
%)=@.(+'@3%,&3$,5'H.%+&!" #+$5#-1&+C.=-)=+%! @="*1.19%*"-#+&H#5#! (', @ P&+, (+!C#-',!
%)=@.(+!-'1+2$*$,.-+1%)H%)=@.(+!=+-)=,%!@=""1),&+=!-#+! (=+YDHUI@A!L.

12\( *H$--#2(7)&H#.BS&' (

L7WTK-&- #(K. HO@#&1'>(FA&B&'(,.B" (>(*LL.A#"B(+1#).H"(,")-"HB.'H"(C*+,E (

8++106+(-$', " ASASATAI"#+196'2.=I1H.(c5="),&!=.-+1$%!-.c+,| @="*IF"3W!

6@)B8O>7P)(*)' T@B8O>7PAH$*C2J1. D+=.5+&! D+=1-#+12+ 5-#!' @-#+1#+$5#-106-+5%+ -1-']
C='&) (+19$5F1+%" 14

"+, CC.=+,-190)=@. (+1=+@2+(H%#) 2& I H+!1-.c+,| @ ="*IF" 3\WBAWIWBRoH. - I-#+1: TI4N = -+
L&IVS*C2I1. D+=.5+&) D+=1-#+12+ 5-#!' @ -#+1#+$5#-1%+5%+ -1 1C="8964%6" 1A

|

L7WTA>>$BS$& -(*H$-- #2(=.B. (

X.=$.H2+%!@="*I-#+!F"3W'#-5%4,-6 Q.,&! 1"-;<.%/5-++ QB=")C%!L$22!.2%$*C2J!
D+=5+&!I'D+&. (#!"(+.,1%+5*+,- 1.,& 19%.D+&N5+,-|.D+=5+%"@!-#+'@'22'L$,5!D.=$.H2+%0!
(‘==+%C',&3$,5!-"-#+1#+$5#-%!%-'=+&Bh U $22!H+!=+-)=,+&!$,/F"3S: Al"#'%+!D.=$.H2+%)!
$,(2)&+!
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116"84%54/3"#%$./14-4%#&
&&BEBV,:84< &
&ERE"H"' R
&&B&/3,%4/8&
&&B&5+/$V,:84&
& &B&S+/"#"'RS4,€
&&&&B &
& BLBLELEEE
&SRS $+4<&
&SR /H#-$3&
&&ER/-5/;-#" &
&&ER/-5"$6 &
4,3""78,#,9+,8: &
&EERS;-#" &
|

F2%' -+ @ $=%-!' @I +5*+,-1$&VBIB'1:"64/,3 ;!@'=!+.(#\+.,!%+5%+,-IL$22I1H+!=+-)= +&!
$,'F"3S: 1.9%0,+%4/1"-%MA

HHICHZ(+,- 5% @+ ($8+0/L+!' @ -H#+ICH-" %!l @="*IV$, +18+2G(LHt+!'(+.,106+5*+ -1
L$221.206' 1H+I+& 1. 96%68+0/4. ;[ +56 AH$Y6! S22 H+I G2 +*+ -1D.=$. H2+1 @' =1+, (#!'(+.,!
Qo+ + - ILS-HI1+ (#4244 -(==+06C" & $,51-'1-#HIC+=(+,- 5+ @ICH-' Yl@="+.(#' @'-#+!T!
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!
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!Il#ll$%ll&ll( &
|
121 (  ;ABL1B(F.#.1"B"#% (
Table 6 ATL12 Output (See Appendix A for full product specifications)
C%"#B)0&D$3, | <2-08& | 2*8)%-(0-"2 & '693", &
8*$R8BYO:$R/*-. | | |
/08& ' '
=04 | I+, 19%+.1%)=@.(+1#+S5H2.-$D+!I-'-#+1dUBDY!
1
#l +22$CU'$8. AR
F+-+=00! | X.=$.,(+'@!H+%-1@$-!C="H.H$2$-1&+,%$-J!@),(-S
#[D.=! 6*+_+(=%_ C?) @ @).( pas>Rse
#[%C+L,+%0 ! 8C+L,+%¥@!CH-',1%+.1%)=@. (+#+$5#-1#$%-"3=* | AASUF"&
#[c)=-"%%$% ! 70(+%%!C)=-"%%$%!"@!%-+.| %) SBHHHSYo-'5= F AA>F8+&
! V=(-$@!(*C'+,-ISI$,l:  Q*C',+,-1U.)%%$.,! _
28&6P?2 5O S @
* 4 -4=0, I'ow!('*C' + -1SI$ . I- *C' + -l 049, |
~86P7 2! +-+=0% i;ogﬁ C',+,-ISI$,I: q*C',+,-1U.)%%S3. ! 8@ &
*+-+=0b | 8-.,8.=81&+D$.-$,'@!(*C',+,-I1S!$,l:  q*C',+,-!
? |
786R.Q! U.)%%S$.,1*$0-) =} Al@
! V=(-$"@!(*C'+,-ISI$,l:  Q*C',+,-1U.)%%$.,! _
2&6PT *$o(-)= ' ( X ) ( &
*44=0, I'ow!('*C' + -1SI$ . I- *C' + -l 049, |
286P7Q) +-+=0% i;ogﬁ C',+,-ISI$,I: q*C',+,-1U.)%%3. ! 8( &
*+-+=0b | 8-.,8.=81&+D$.-$,'@!(*C',+,-I1S!$,l:  q*C',+,-!
?
P&6R.00 U.)%%$.,1$0-)=k Al&
(P'#O o+(,&%] 1+, 1-$*+I'@! %)=@.(+!C#"-',%!Bo+5*+,-! 4%"1&
THPHO ! "$*+1&)=.-$', 1%6+5*+,-! 4%"1&
H(P'#0 &+5=+HY |+ 12.-$-)&+!'@1%)=@.(+!C#"-', %! ¥/o+5*+ -1 HEM0" 18
SEPHD &+5=+H9 |+ 12" 5$-)&+!'@1%)=@.(+!C#-',%!$!%+5*+ -1 #6 /%"1&
*#$O(PHO *+-+=% | 3+ 5-#'@1%+5*+,16*; | #'614</%"&
$P=/*#P'#O ! Z)*H+=!"@12.%+=1C)2%+%!$,1%45*+ - 6/;#%/%"&
@&S$'8%H# *+-+=% | G$,1%$M+@'=!~!.,&!1%%#O 9,6%,V&
420 | [+.,!'@12%,+.=1@$-1=+*D+&I@="1%)=@.(+!C#-"! | ..
?2#)$5..&(Q o5 "$6-00,4( &
b3 420 | 1.%-., @128, +.=1@B4=%)%1.2' B=.(cl&S%-., (+H1 | . o
%)=@.(+|CH#-' H#+S5HD+=1-#+'(+,,1%+5*+ - (
- ! 82'C+'@!2$,+.=!@$-!D+=%) B6t 2R $%-. , (+!-'!
"O=HPHO %)=@.(+|CH#-" H#+S5HAD+=1-#+1'(+.,1%+5*+ - | "as
v * 8| <=H.H$2$-J1&+,%3$-01@),(-$, ' @ICH- 1%)=@.(+! | | o
' #+$5#
*4+=0 +, =%-1*"*+ -I'@1~01%#")2&!H+!gW!
Y2#)$! A Lﬁ'ﬁé‘%ﬁ H@-01%#)2&IH+Igwiig X:"$6 &
YV)3 FH-+=000 | x =5, (+IN1%+(, &I+ -16* @Y XR$&
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"#'$%"&"( &
Y'8#X! ! 8C+L,+%%!N!6-#$=&!**+,-I'@f:f YV)>E | X%F"&
Y8/>(l ! 70(+%%'K)=-"%$%!n!6@")=-#1**+ -N@IYV)> 19 | | XF8+&
*+-+=04 | 8+.1%-.-+H$.%!+%-$*.-+&!I@="1-#+!('==+2.-$','@!
@P"@x)! C#'-' 1=+-)=,I=.-+IL$-#1.2' 51-=.(CISW HIHS,! 9,6AA?,$%:
D+=.5+&!%)=@.(+#+$5#-16 YA'AS;
*+-+=0b | 8$5,$@%(.,-'L.D+H#+$5#-14%06-$*.-+&1.%! Y -$*+00!-#:
0-E ! %-.,&.=&1&+D$.-$','@!.2',3-=.(C!SVE'HS,! AU>&
.D+=5+&!%)=@.(+!#+35#-
6@&3 *++=08| 1+ -+=1' @ISIOIXWWI+2+++ -1 == Jr@isw | E96&
HS$,%
(@&$ *4+=0h| SIOIXWWI+2+%+ - == JI'@¥S¥,).D+=5+1 | <49.6&
#+$5#-%!@="*188G!(.2()2.-$',
6>@&$ CH#-, | SIOIXWWI+2+++,-.== I G¥S¥§,! D+=5+ | E*O&
* B C#- 1= -+1@="*188G!(.2()2.-$', !
] | ] &
U*-./OR8*.9*20R [ | |
80$8 ' '
$P((*P=:5(55 ! ﬁ)*ZT:! @!C#-' %! $,1-#+12SB'(+.,1&'L,2$,c! 61444 <4-68
$P=:5(5%" ! 2 H+='@%)=@.(€#-' ,%'@"),&@'=!-#+1%+5*+]- | 6/;<-4-6 &
D:5(5$P)(# FEL < 1(),-! =.-+01.D+=.5+& D+=1-#+1%+5% - +oo-&
D:5(5%%'P>)(# *E | Z'8%+H@-1(),-1=.-+01. D+=.5+&I'D+=1-H#+1%0+5%+ - || +5.00&
* $|

@)BSO>PHO

@)B8O>7P)(*) T@B8O> MB(#F 3W' | D+=.5+&!
'D+=l-4+106+5%+ |

9$5F1+/%"k

.&>'(P=B#P?.>)?#H

V$=%-!1.>'=IV="*+l/E!$,|-#+884!%+5% -

Q+%4/;5":0+$:"/564 &

$(
&>'(P(6P=/"# ! V$=%-!"=.,%*$-1C)2%+!$,!.B,5.(c!%+5*+, -| 0,+%4/4E/;8+#&0"
A= | 7%-$*.+&I @SR IHS. %! (==+(-$' -+, |
=@PB3>> %+5%+,-1#+3$5#-InIW!IC+,&$,5!@%,8%,5%!-'I-#+!(',-=] 0;9/5-++&
@'E#+I(+., |
*4_+=0 0H-$* .- l+=="=I1% + | 0pl-"
=@PB5>>P(7H#V +-+=0 | 7%-$*.-+&!+ 1$£@PB3N\C+,&%,5!@%,&%,5%)! 0:9/5-++/%43"R

(== )

N)'(P=B#P?.>)?#P

3.%-11.>'=IV=*+l/E!$ |-#+1884196+5%+,-|

1$%4/;5"/:0+$:"/564 &

BS(!

*)(P(6P=/*#! | [3.%1"=.%*$-IC)2%+1$,.2',8=.(C!%+5*+,-! #$%4/AE/ 880"
| | - 1)* =l@'=! | | -

5>@a(PS @ ! fifﬁé?$&+’ $@J$,5! ) H+=1@'=+.(MIC2., +&U1T8 o oo g
I | FIXI&SE$- ) H+=1$&+,-$@I$, 5@8+B5 9=(c!

HOHSPET Fr3W I5+2'(-$/106+5%+,-L ) H+= 15,14+ (+.,) %164 /,3&

H+S5H#-196+55+ &
"PBES3! "+-+=% | B)H%)=@ (+1%( —+=$ 5I(==+(-BIC2.(+#2&+=In"+1 | 0

C+,83$,5!@)=-#+=1@$,&$,5%!-'-#+!(',-£.=]
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"#'$%"&"( &

"PB5>>P(T#V

Sy

7%-$* +&I+=="=I'@!%)H%)=@.(+1%(.--+=$,5!('=0/|
C2.(+#2&+=INI"+="1C+,&$,5!@)=-#+=1@$,&$,5%!-'
(==J1

%9%/5-++/%4&'R

$# )(P7#*);P(50*
P'#0

*+-+=04

2(+.,1%+5*+ -1 D+=.5+'@!-"-. 21 +)-=. 21 -0 Ch+=+
&+2.J1(==+(-$',6L+-101&=J!

6"84$4/3"#$./4-4$H#/
"R

>#.P)%&?/(:P'HO

&+3

?2(+.,1%+5%+,-1. D+=5+I"@."$*)-# I'@!-#+!),$-!
C'$,-$,5!D+(-'=1@'=I-#+1=+@+=+,(+ICH#-" | 1$,1-#+12'( .
7Z2s\@=7*+1$,!=.&$.,%A!"#+!. ,52+1$%!*+.%)=+ &I @=
Z'=-#1.,&I1C'%$-$D+!-'L.=&%!7.%-

+"O/$V,:84</%"1&

>H#.PH#HVPIHO

&+3

2(+.1%+5*+ -l D+=.5+'@% 2+D.-$ ' @!-#+1),$-!
C'$,-$,5ID+(-'=1@'=!-#+1=4@ (+ICH-' 1§, 1-#+12'(.2!
7ZSI@=+1$,1=.&$. YAI"#+]. 52+1$% 1 +.0%6)=+&! @
HH7.%Z'=-#1C2. +1. &IC'%$-$D+1-'L.=8%!4C

+"0/"#"R/%"&

'HOP7&'(P6!P#0O

*+-+=04p

?2(+.,1%+5%+ ,-1.D+=5+'"@!-#+1.2',5 9=.(c!&$%05(+!
@="1-#+14B).-'=1(='%%$ 5!-'|-#+1%-.=-I'@ | :¥F!
5+2'(.-$',1%+5%+,-%!$,(2) &+&!$,-#+!'(+.,!
%+5%+,-!

%"1/3,%4/E&/%"1

*):#>P X P'HO

HH2. 0= @ 2B F3W\.- 18, 1+ @ @+ (-I'D+=IT\
‘@ (+., 1%+ 5+ -01 W8, &$(.-$,5!. HY%+,(+1'@1(2) &Y
&1@'=L.=&1%(.-+=$,50!., 8515, &$(.-$,5!C'%%$H$29
'@@'=L.=&!%(.-+=$,5!. YIFE:3W\!

#$."+/0#$1%"1&

7#=(:P5B$P'HO

*+-+=04

"#+].D+=5+'"@!&+C-#!'(+.,,I' @!5+P+5%+,-%!)%+&]
$,-#+1'(+.,1%+5%+,-All

3"4</-56/%"1 &

I
'5%)>P)%&2/(:P"
)

&+3

2(+.,1%+5%+ -1 D+=. 5+ @+ A$*)-H#' @ H#+1%),!
C'%$-$',|D+(-'=I@="*1-#+1=+ @+=+ (+ICH#-" IH'), (+!
C'$,-1C'%$-$',1$,1-#+12/(.217ZsI@=+AI"#+]. 52+1$%
*+,06)=+&I@="1Z'=-#!.,&!$%!C'%$-$D+!-'L.=8&%!7.9
"#+1.D+=.5+1$%IC="D$&+&IS, 1&+F=++%6A

&&&&
%-#$+/$V,:84</%"&

1 &+8 | ?(+.,1%+5%+,-|.D+=5+'@#+!+2+D.-$' ' @!-#+1%),! | &&E&
=0 * C'%$-$',ID+(-'=l@="1-#+I=+@+=+,(+ICH#-"IH),(+! | 0p-#$+/"#"R$4,-6/%%&
.2(%>P# V(&S C'$,-1IC'%$-$'1$,-#+12'(.217Zs!@=.*+Al"#+].,52+1$% $ ¥
' *+.%0)=+&!I@="*1-#+!7. Y& '=-#IC2.,+!.,&!$%!C'%$-$C
-'L.=&%!SCAM+].D+=.5+1$%!0$&+&!$&+5=++%A
O#5&7P'#0O *+-+=0h | ?(+.,1%+5%+,-1. D+=5+I'@b+'$&!I#+$5#- L H'D+!-#+! | &"- 3/%"1 &
du8!ulbY!=+@+=+,(+1+22$C%'$&!6BWBHL'bR; |
7)BIP'#0 *++=0h | ?2(+.,1%+5*+,-1.D+=5+'@BJ,.*$(!.-*'%CH#+=$(! 3$5&/%'&
(==+(-$'16EF1;! $,(2)&+%!$,D+=-+&IH.="*+-+=16/G
.@@*(-
(&TH#P#)>(:P'#O|™+-+=% | ?2(+.,1%+5*+,-1. D+=.5+"'@M0'2$&!+.=-#!-$&+% 4,3""$+4</%" K
(&THP*5)TP'#0 |*+-+=% | 2(+.,1%+5%+ -1.D+=5+I'@R'(.21&$%C2.(+*+,-1&)+!-1| 4, 3"/#-$3/%"1&
'(+.,12.8$,5!16 RI-TWI(*; |
! =0 o(+, 106455+ 1. D+=5+'@(+.,$(1%)=@.(+! 4,3"-5/-#"1%"1 &
(&7#P5BP=5*#F ='-.-$',.21&+@'=*.-$',1&)+!-'1C'2.=1*-$',16 al-1
Q o !
(& T#PSBH#)SPYA “+-+=% | 2(+.,1%+5%+,-L. D+=.5+'@!(+.,]-$&+%!$,(2)&$ 5! &.3"-5"$6/%"1 &
&$)=,.21.,81%+*ER$)=,.216#.=* $(1.,.20%$%;!
* *4_4-—0, nm . "
(STIPHSICTE@AT TN 3 siCr=sa14B)$528H=6)1-58+% PR
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"#'$%"&"( &
(&THP=5*#P'#Q *+-+=% | 2(+.,1%+5%+,-1.D+=5+ @%'2$&!C'2+!-3&+! &,3"-#"1%"1 &
K'-.-$',.218+@'=*.-$' 1&)+!-1C'2.=1*-$' 16 BAT!-
SATI(*!
&>'(PO#5'#0O ! " #+1@$=%-!' @+ +5*+ ,-1$&%! 0,+%4/1"-%%&

B6"1:"64/,3 1@'=!+.(#'(+.,1%+5*+ -1 |

HHICH=(+ - 5+9% '@+ (#48+0/C+I'@-#+ | 0BFTO/AT+56%&
CH- 0l $,1-4+1'(+.,1%+5%+ -1.06 LITQ

+2+*+ -1D.=$. H2 £ B-#!+ (#!+2+*+,-|
(==+%C" &S, 51 1-#+IC+=(+,- 5+'@!

CH'" %! @="+.(#'@-H#+TI%)=@.(+-JC+9
|

1> P(=#P=>B$(

127 +2'BA"B$H(I"%B(=.B((

"HH@P=984C!P, -#+ (=+.-F' ' @!-#+&+D+2'C*+,-.21%' @-L.=+1#.% ! H++ =3 ,I'@!.!
%J,-#+-$(1&.-.1%+-Al$%!$%!,'-IC.=-I'@!F"'3F8!C="(+%%$,5!C+=!3848"4)-12! @'=!.25'=$ -#*!
-+%-$,5!.,&!&+D+2'C*+,-Al
"H+IC='(+&)=+I1$%I$* H+&&+&!$,1.1&+D+2'C*+,-. 211.-2. HI(‘&Hdb+,+="+%-[U.)%%I$0.,&Z'$%+:A*; Al
4+=+0-#+IC+=(+,-1%UPBRS(.-+%!.!C2.,+!-+O-1&EHC-$' ' @!-#+!C='(+&)=.2!%-+C!.,&!$%! 9",
+O+()-. H2+I("**+ -1$ 1-#+L-2. HI(&+AIL. -2 HI+O+()-.H2+12$,+%! . =+1#$5#2$5#-+&!$,1J+22' LAI"#+!
C='5=*IH+5$,%IL$-#!C.=-%!6F;|-#=")5ABLAS(#!+%-. H2$%#!.,|.=-3@$($.2!%)=@.(+!1#+$5#-1#$%-'5=.*
(,%%$%-$,5!'@!.1*$0-)=+'@!:!,'=*.21&$BHY-$',%! (', D'2D+&IL$-#!.1=+.HC)2%+!=+%C',%+!
&$%-=%H)-$',!-.c¥@=*IFG73!&.-.HI!IK',\KL'cAIF!=+C=+%-+,-.-$D+1.*) -I' @!,'$%+!$%!-#+,|. &&+&!
S1-#$9%!-19%6],-#+% SN (+3D+&1%)=@. (+1#+$5#- G N, &+=2J$,5! -=)+1%)=@.(+!&$%-=$H)-$' Al

BF:17%-. H2$Yo#!-#+1$,%6-=)+ -1$*C) 2%+!=+%C',%+18$%-=$H)-$',| @ =" FGITB&SUBWWW
6G;!1.c+1.1U.)%%$.,1*$0-)=+=+C=+%+,-$,5!-#+1%%#1&$%-=$H)-$', 6% Yot $%-;

61;11'C)-+1,'$%+16Z'$%+;1.%!-#+=KIB&S@ @+=+,(+! @="*I-#+!.,.2J-$(1U.) %%$., *$O-)=+!., &1%%#$%-
41 $2%180%6$5!-'19 1%6$5:1!
BE:11',D'2D+-#+188418$%-=$H)-$', ILSH1E:H6-2)*+ -1$*C) 2%+=+%C' %+1&$%-=$H)-$',I-1C="8) (+!
HH=+(+$D+&I8$%-=$H)-$',|6=H#HS%-;

67;IF&&!=., &*1<'$%6%' 16'=! C)2%4%'$%+1&)+!-18$%(=+-+1,.-)=+H'@ICH#-"("),-%!=+C=+%-+ -.-$D+'@!
L#.-IL+1*$5#-1+OC+(-1@'=1.153D+, IH$,196$ 1., &!-'- .21, ) *H+=I"@IC#{}),-%A!

I

{! 9999999999999999999999999999999999999999999999999999999999999999999999999999999

V&;*.-285%0,$38&)" # W&
|

{1/,1-#$%!-+%-1C="5=*IL+1L$2PQ
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{16 F;!7%-.H23%#!-#+1$,%-=)*+,-1$*C)2%+!=+%C",%+!&$%-=$H)-$',! @="*!I. H*R:&SUEWWW
{16 Gll.c+L.lU .)%%$.,"*$O-)=+!=+C=+%+,-$,5!-#+1%%#!&$%-=$H)-$',!6%%##$%-;

{16 1;11'*C)-+!,'$%+16Z'$%+;1.%!-#+1=*%!&$@ @+=+,(+!@="*1-#+1.,.23-$(15.)%%$.,11$O-)=+
{1, &19%%#$%-!$,!-#+!- $2994RD!-'| @ 1%F5;!!

{16 E;11',D'2D+!-#+1%%#18&$-=$H)-$', ILS-#1-#+1$,%-=)*+ - I S* DR =+%C', %+!&$%-=$H)-$',I-'1C=1&) (+
{UN-#+1=+(+$D+&!8&$%HH)-$' | 6=+(#$%-;

{16 7;IF&&!=.,&*1<'$%%",16'=! C)2%+'$%0+!&)+!-'1&$%0(=+-+!,.-)=+I'@!C#-
{N("),-%!=+C=+%+,-.-$D+!"@!L#.-IL+!*$5#-1+OC+(-!@'=!.!5$D+,'H$, %P\ +!.,&

{1-- 20 H+=I"@!C#'-',!(") ,-%!6ZC-%I3$0;

{1MIC#-'%A!!

{!

|

{! 999999999999999999999999999999999999999999999999999999999
{116 F;12".&1.,&IC2"-1/,%-=)*+,-1$*C) 2%+1=+%C"' ,%+!4$%-'5=I*
{! 999999999999999999999999999999999999999999999999999999999

{' 9999999999999999999999999 WIIITIIIPPIIDD 999

(&!

fs%+=%f> *$+fE'()*+,-%f/178.-:[BE"f/178.-:[?(+.,F'"GE[E+D+2'C*+,-f<#'-',8")=(+E$%-=$H
)-$, !

2" &!1*$-4$%-WWW
“+*$-WWN%)*6 *$-4$%-WWEMOS¥8}4$%-WWBRO:;;f%)*6+*$-4$%-WWEGO:!;

{! *$-43%-WWSYo!.!= LI1#$%-'5=.*1.,&1*$-4$%-WWBRO0:; ! .=+!-#+1-'- 21 V*H+=I"@!C#'-',%!$,!+.(#
{WAWSBIHS$, !(',D+=-Ald+!I(", D+=-1$-1"1.1IC="H.H$2$-J1&+,%$-J! @), (-$',0!-#+$,-+5=.2!
{'@'L#S(#!$%!SAWAIGS,%$"4P80-BA. *%fC&@%!L$22!H+WAWSI*A

{l 1*$-43$%-WWMSB,%!.=+!=+2 -$D+!-"I-#+1*+_1&+2 J1$%!M="A

H$,%$"+nNWAWSe

-'- 20%$-n%)*6 i*$-4$%-WWSQO:;le

i*$-4%$%-[@=.(-$',nG$-4$%-WWBRO:;f-'-.20*$-;&
*$-45%-WWB@0:;ni*$-4$%-[@=.(-$',FHS$,%$"+e

(#+(c$,-+5=.2il/"n%)*6  i*$- 4$%-WBQO: }HS,%$+;e

4. I*$-WWn%)*6 i*$-45%-WWBPOSIH}45%-WWSHO:;;%)*6*$-45%-WWSRO:!;

@$5)=+

C2'-6*$-4$%-WWBGOSH 4$%-WWBGO:!:

-$-2+BB-1<) 2%+ E+2.JIK+21-11+.,1$,17B)$D!8)=@. (4+$5#h!
J2.H+26h2(()=+,(+%.%IV=(-$',' @!""- 21C+=I*+-4i=h;
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"#'$%"&"( &

O2.H+2Bt$5#E+2.J!16%;h;!

C=$,-%.C,5!i*$-4$%-'5=.*[UI[bcAC,5 !

|

{ 999999999999999999099999999999

{16 G!1.c+1.19%+B)+,(+1%+.19%)=@. (+!#+$5#-1(',$%-$,53MB0O!' @!-L'l,'=*.22] !
[1&$%-=$H)-+&!=.,&*! J*H+=06IL$-#!1+.,%!1)I$00!%-.,& =&!&+D$.-$',%!8$5*.I$O
{1.,&IC+=(+,-"$0%$,5!=.-$'%!K -$1$00!.,&! )*H+=""@!C'$,-%!-'-.21ZC-%I$O

{! 999999999999999999999999999999999999999999999999999999999

{! 999999999999999999999999999999999999999999999999

)I$ONISOWrh

8%$5*.1$0nl:0Sn

K.-$'1$OnITWOTWm

ZC-%I$OnbWWW
1%%#n*.c+U.)%%3.,1$061)I$008%$5*.I$O0K.-$'1$O00ZC-%I$0;e
*+.,%%#n*+.,6%%#!

I+., @="*I1$OX.2)+%n%)*6K.-$' | SOAH)I$O%)*6K -$'1$0;; !
%-&%%#N%-&6%%#:;
8-&@=""1$0X.2)+%n%B=-6%)*6K.-$'1$OA}68$5*.I$0As::{%)*6K.-$'1$O1;;
2%%#n2+,5-#6%%#;

|

{11"*C)-+1#$%-'5=*I'"@!%%#!)%3$,5!H$,! %S +InNWAWS*I1=), $ 51gH8-&l!-'l0" |
{18-&!'@-#+1%%#I*SOAI"#+!')-C)-I' @ #$%-1$%!. 1= LI#$%-'5=*. &IL+1I(", D+=-1$-I-"
{lIC='"H.H$2$J!&+,%%$-JI@),(-$',0!-#+!$,-+5=2I' @ IL#$(#!$%!SAW!HI! &S DR&S,5!HJ!-#+
{1-'-21))*H+="@!C'$,-%!6n2+,5-#!' @!%%#;!.,&!-#+IHF, % $"+!

[

Z%$5%m e

%%#HON="),&6*+.,%%F % $5%}="), &6%-8&%%#; QHS, %S +Q="),&6*+.,%%#;0Z%$5%)="), &6%-& % %o#
%% ##$%-N#$%-6%%d#0%%#0 ;e

%Yot HEE=. (-5, N6YYoHHSY-T2% %0k e

0606 $Y0-N% Y Y- [@=.(-$' THS, %63 +e
(#+(C$,-+5=.2884n%)*6%0##$%-JHS, %6 $"+

{1

%+ %YoRH#SY0-N%)*6%6HOAL VY HHSY0-T06)*B% Yok $Yo-;
%-&%%0##$%-N%B=-6% ) B6I80eB $%0-; A}6 Y@ Do Yot #$%-; A} % H# $%-;f%) *6 % W## $%0-;;
- 296%H#NY)* 6% HH#S Y-

ZH$,%n25-#6%%##$%0- e

|

{! 999999999999999999999999999999999999999999999999999999999

{116 1;11"*C)-+!,'$%+!6Z'$%+;!.%!-#+!=*%|&$@ @+=+,(+'@="*!-#+!.,.2J-$(!5.)%%$3.,1$O-)=+
{1165.)%% @%-;!.,&!%%#$%-!$,!-#+! 9B2BIEHD | %$3;

{' 999999999999999999999999999999999999999999999999999999999

{' 999999999999999999999999999999999999999999999999999999999
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"#'$%"&"( &

|

5.)%% @$-N6S1%-8&%%#;}6S1%B=-6:} Y ATOEBE 064 Q0 %0#; As: {%0-&% Yot
Z'$%+F22n%-& 6% VBN S-;

|

{IH+()%+15.)%% @$-$%!.| CR@NS& +#$%-'5=.*1D.2)+%IHIIH$, 1% "+ @'=

{1[(*C.=$%' AlZ'$%+!D.2)+%!%#)2&!C="H.H2JIH+!*)-2-$C2$+&!HIIHS$, 1% $ + @'=
{(*C)-.-$)$',1.%!,'$%+1$, 1#$%-'5=.*%IWZ'$%+NH$, % $"+]Z'$%+/," . $2%wW
E$@@V="Z'=*n6%%##BUH% D 3$-e

ES@@V="*Z'=*/,".$2%nIES@ @V="*Z'=*6SQ&PWAT}ZHS$,%fZ2%3$5%;,0ES@ @V="*2*6+,&
="),&6WAT}ZH$,%fZ%$5%;;me

Z'$%+/,".$2%n%-&6ES@@V=""*Z'=*/," . $2%h;

|

@$5)E+

C2'-6%%#00%%##$%-0!%%8805.)%% @3$-0h
-$-2+61N8$*)2.-+&1"=)+18+.18)=@. (+4+$5#- 1 E$%-=$HB$)06%61$0!h0,)*:%-=6ZC-%I$O;0h!
<#'-' %hm!

J2.H+2A8(()=+,(+%!.%!V=(-$',! @!""-.2IC+=!*+-+=h;

02.H+2Bi$5#16*;h; !

C=$%$,%C,5!8%$*[884[E$%-=$H)=-$',[UI[bcAC,b

|

{! 999999999999999999999999999999999999999999999999999999999

{16 E;I1',D'2D+-#+1$,%-=)*+,-1$*C) 2% +1=+06C' %+, &1%6$*)2.-+&!-=)+ #+$5H#-1#$%-"B=*%
{ F15+-1106$%)2.-+&I=+(+$D+&I#+$5#-19%%#1&$%-=$H)-$!, 1=(D#$%-

{! 999999999999999999999999999999999999999999999999999999999

{! 999999999999999999999999999999999999999999999999999999999

{! 9999999990OBIK')-$,+!(,DA*IIl  999999999999999999

{(,D! 1',D2)-$'..,&IC'2],*$.21¥)2-$C2$(-$', A !
{111n1(,DBFOIG;!(",D'2D+%!D+(-'=%!F ., &IGAI"#+=+06)2-$, 51 D+('=!$%

{n
{1N111In!(,D6FOIGOIBAF<T;1=+-)=,%!.1%)H%+(-$',' @!-#+!(,D'2)-$',IL$-#1%5"+

{4 1$9%1-#+1% *+1%$"+1.961FA

{MNIIND.2$&k+-)=,%"" 2J1-#'%+C.=-%!'@!-#+!(',D'2)-$'!!
(NI L =4 (5C)-+&ILS-#)-1-#+M=" O &&A&I+E&5+UA
{nnnnn37zuU"461:$%!Fi6372U"46F; dFi6W037ZU" 46G95;0WLA

{! 9999999999999999999999999999999999999999999999999999999999999999999999
{1Z2"7Q!(",DA*I&'+%!.1=.L1(,D'2)-$',0!1$A+A01%$*C2+1%)*%!' @!C="&) (-%Al™
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"#'$%"&"( &

{1=+C2$(.-+1.1-2)+1(,D'2)-$',I$,-+5=.2IL$-#IC="C+=1%(.2$,50!-#+1=+96) 2-%!'@
{1(,DA*¥)%-IH+1%)2-$  C2$+&IHII-#+IHS, 1%$ +106'1-#.-1-#-+106 (.24 @!-#+
{1=+9%)2-$,5!(",D'2)-$',!$%!' @!-#+1%.*+!'=&+=1.%0!-#+190(.2+!" | -#+ 14"
{1#$%-'5=.*%](,D'2D+&A

{IF29%%'1-#+12+ 5-#1'@!-#+1(",D'2)-$',19%6#) 2&!+B). 212+, 5-#!' @ -#+1%%o#
[1#$%-'5=*1C2)%!-#+12+ 5-#i*$-1#$%-'5=*1*$, ) %IS]

{ 99999999999999999999999999999999999999999999999999999999999999999999999
|

30
=(D#%$%-n(',D6%b1#E/AE%-WWBEO:;h;}HS$, %% +e
(2+.,=(D#$%-n=(D#3%-e

2!

|

2=(D#3$%-n2+,5-#6=(D#$%-;

20*$-#3$%-n2+,5P864$%-WWBQO:!;

2%%##3$%-n2+,5-#6% Yo##$%-;

#.2@LP&-#=(D#3$%-n620*$-#$%-09% %okt $%-

$@!: .2 @L$&-#=(D#$%-0Snn2=(DHS Y-

1¥+96%.5+nIh2+,5-#!"@!=(D#$%-!$%!(',%%$%-+,-hm

+,&!

|
{{/@!-#+1$*C)2%+!=+%eH+H &$%-=$H)-$', IL+=+1%I**+-=3(!(', DA*IL") 2&!C 1&+!12+,5-#!' @ !-#+1%%##$%-!
HII620*$-#EBG: -1+ (#1+,&  Al'#Hi*$-1#$%-'5=*1$%!,-106J**+-=$(Al"#++$,$5)$*10  90$%!$,&+O0!
'@!-HEH(+SD+E&IHSY0-'5=H100#) 2& IH+!-#+ 14§, $4)*1$, & +O!' @!-#+1-=)+19%)=@. (+#+$5#-1#$%-'5E.*1C2)0
{1-#+1*$,$*)*] +5.-$D+!H$,!$,&+0O!'@!-#+1$*C) 2% +!=+%C" #3$%-'5=.*.,&!-#+!*.0$*)|O 20%$%

[ 1$,&40! @'-#+1=+(+$D+&IH#$%-'5= *106#) 28 H+-#+1* OF*)*I$, &+OV' @!-#+1-=)+1#$%-'5-1.*1C2) %
{1-#+1* 0$*)16C'%$-$D+;!1$,!$,&+0O!" @!-#+!i*$-1#$%-'5=FA

{I "#+=+@'=+0!L+'@3$,&!-#+!$,&+0O!' @!-#+"+="TH$,0"H$,0

{' @'i*$-4$%-WWWIBLHS(#1$%!-#+1'2&11*$-4$%-WW #$%- 5= *Bp;+H&ICH+D+ | (*IH$, 1$, &$(+%:;., &
{1.&&!-#+H$,%!L$-#!$,&+OIW!-' N H+@'=+!-#+1@$=%-HS,!' @!-#+!%%# 1#$%W-'5=*.,&!
{1.&&!-#+H$,%!L$-#!$,&+0O"H$,0S!-'1+,&!. @-+=!-#+12.%-IHS$,!" @ !-#+!1%%#!#$%-'5=*!!

|

"HS$,Nn@$,&6i1*$-4$%-WWW6EQAS;nnW;e
0.&&+,&ni*$-4$%-WWWHHBQ+,&0S;h0%%#06+,&;},+%6S02+,5-#6i*$-4$%-WWW6E6 H$,0SQ+,&0S
0.&&H+5%,ni*$-4$%-WWW 6 SBUEBh0%%#06S;},+%6S02+,5-#61*$-4$%-WWBBROEHS,
O=+(#%$%-nl0.&&H+5%,0%%#000. &&+,&me

Il

@$5)E+

C2'-60=+(#$%-0=(D¥$%-;

-$-2+6Nh8$%)2.-+&!1', D'2D+&!8+.18)= @H-HI5#-| E$%-=$H)-$! h:
J2.H+26h?(()=+,(+%!.%!V=.(-$', ' @!""- . 2IC+="*+-4=h;

O2.H+2Bt$5#16*;h; !
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"#'$%"&"( &

{! 9999999999999999999999999999999999999999999999999999999999999999
|

!

{! 9999999999999999999999999999999999999999999999999999999999999999
{! 9999999999999 999PIPIPFF09999999999999999999999999999999

{Il 67IF&&!=.,&*I<'$%%',16'=! C)2%%'$%+!&)+!-"1&$%(=+-+!,.-)=+I'@IC#"-,
{N("),-%!=+C=+%+,-.-$D+!"@!L#.-|L+!*$5#-1+OC+(-!@'=!.!5$D+,'H$, %P\ +!.,&

{12 21 ) H+=I'@IC#'-",1("),-%!6ZC-%I$O; !

{! 999999999999999PPP999999999999999999999999999999999999999

%) *=(##$%-n%)*6=(D#$%-HS, U $"+;

,'$%+In=(D#$%-€

{I*.c+1<'$%%',|&$%-=$H)-+&!IC#'-',1("),-%!$, 1#$%-'5=*I-'I=+C+%+,-1=+(+$D+8M) R 9d+$%0+!
@'=!$,'$%+nSQ2+,5-#6=(D#$%-;
N1'$%+J6$,'$%+;n=.,&C'$%%" [|I6ZC-%I$BB, %$ +}(2+.,=(D#$%-6$, $%+;;e

+,&!

(z2"7q4 |

{=.,8C'$%%" [JIA*I$%!.11.-2. HIOO)H=")-$,+1-'15+ +=.-+1=. &*] J*H+=061&=.L,! |
[1@="1.1<'$%%',1&$%-=$H)-$!,Q

|

@),(-%',!iIn!=.,&C'$%%",[]I6,C; !
OnSQ="),&6,CoS;}SWe
Cn!C'$%%C&@600,C;e

*nSe!
I'nI"+="%6*0S;el{!<=+.22'(.-H#*+*'=] |
@'=1$!nISK*

ninl=. &e!
Nn!@%,&6)!p!()*%)*6C;;é
NB@!$%+*C-06/;

4294+

i6s$;!In!*$,6/;e!

M &!

+,&!

|

{IC'$%%C&@'<'$%%',|C='H.H$2$-J1&+,%$-J'@),(-$',A
{M~InIC'$%%C&@6I03FIGEF;!=+-)=,%!-#+!<'$%%',!|C="H.H$2$-J!&+,%$-J!
{ M@),(-$',IL$-#IC.= *+-+=13FIGEF!.-I-#+!D.2)+%!$, liA

{N"H#+19%05M+H' @1 ~1$%!-#+! (**, 1%+ @!i!.,&!1BFIGEFAIF!%(.2.=!$,C)-!!!
N@),(-$',%!.%L.1(,%-.,-1* -=$O! @'-#+1%.*+1%$"+1 % 1-#+'-#+=I$, C)tAllI!
{INZ'-+1-# - -#+18+,%$-0'@),(-$',1$%!1+="), 2+ 0%, 1$,-+5+2A
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"#'$%"&"( &

{11, D+=-1H.(c!-'I<EV !

Z'$%+Nn%-&6,'$%+If6ZC-%ISOIHS, BegD#$%L e

=(D#$%-n,'$%+If6ZC-%ISOIHS, %b$"+;e

%)*,'$%+J=(##$%-n%)*6=(D#$%-}HS$, Yo $"+;

|

@$5)E+

C2'-60=+(#$%-0=(D#$%-
-$-2+61h8%*%)2.-+&!K+(+$D+&!8+.18)=@.(+!4+$5#- E$%-=$E) PBH$%+n'h0,)*:%-=6Z'$%+tm;
J2.H+26h?(()=+,(+%!.%IV=.(-$' ' @!"'-.2IC+=I*+-H=h;

02 .H+2B1$5#16%;h; !

{! 9999999999999999999999999999999999999999999999999999999999999999

V&= (D#$%-1$%!-#+19%$%)2.-+&! =+(+$D+&IH#$%-'5=.*| - |-#+1#$%- Tt #1HS 98| .- O=+(#$9/-!
$Wo#'L,!$,IH2)+$,VE5)=+ISID'HWWW!ICH#'-',%!62+@-;!.,&bWW!ICH#'-' %! 6A&$5#-;

|

1Z_( X1I"#$H.-( 8&IL1B.B$&' (8&'%$>"# B$&'%
UK_IC!) I$##T#T!'=#B&.&BIB5$'&7#>)(&5%$'15$12#(:57!5.|B57#/B5?=/()(&5%
127 ( FHE@H.II"#RFH&H">1#.- (88 %$>"#.BS&'%(

UK_MESSVE T8S.5>7)(&5$!>#)(#71(515/(=/(1=)>) 24 (#>'1() (IXHSHS5(1&$! (:#1)*O5>& (; ?!
T#B>&=(&5%

126(  8.-$Q#.B$&'(>(1.-$>.B$&" (

"H#t=+l=+H=++1-JC+%!I'@!'CH+,I'(+.,!(.28H=.-$',!.,&!D.2$&.-$'1Q

1)! Direct comparison of sea surface height or dynamic ocean topography witheseddBbit
altimetry from TOPEX/Poseidon and Cryo&afThis may be possible to automate so
thatthe project personnel can dphut funding is being sought outside the ICESand
NASA Cryosphere program for Cal/Val.

2)! Comparison of changes in DOT with inusmeasurements of dynamic heights from
hydrography plus ocean bottom pressure from in situ gauges or GIRACEhis will
have to be done for the open ocpanhaps fundedutside the Cryosphere program.

3)! Direct comparison to in situ precision GPS measunésnBuoys are being built with
NOPP fundingo do this as an adoh to similar measurements for NASA
OceanographyOs SWOT callval effort.
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"#'$%"&"( &

AZ&  K,;N+9(F,:=<8J+ (

U:## @5X#.&O/>#'1"5XI&2)O#1(:)(1)*5XI/" #H51H)'&*;1#V)*)(#1&.1(:#! 7)) IX5/*7 @#!
[#.NST! 5AS/)*&(;L5>I(#&>I>#'H#)>B: ) &N & 71&$! (:#!S/&B8!)==>5V)*I5>17&")==>5V)*I5 !
=>57/B('=>&5>5 @*&BR'(>& @/(&B%

AZ7q  =.B.(d1.-$B2(S&'$B&#S @
_TKTK:$"(L-&BY%(Y#3,21&/-' (41 @#3; Z
a) *+.,1%+.196)=@. (+1#+$5H#-1@'=1+.(HH1%+5*+ -
b)! %-.,&.=&!&+D$.-$',!' @ #+$5#-1&$%-SPHR!. %% ($.-+&!8d 4 @'=1+. (#1%+5*+ -
C)! %C+L,+%%! @ H+$5#-18$%-=$H)-$', | @'=!+.(#1%+5*+,-
d)! C)=-'%$%!' @#+$5#-18&3%-=$H)-$',|@'=!+.(#1%+5%+,-
_TKTA?$%BE@HIYH3,21&/- (41 @#3;Z (

a)l 3$,+/C2-%!'@!C.=.*+-+=%!@)%%$.,| @$-1@'=1+.(#!%+5*+ -
b)! "GEIB).2$-J1*+.%)=+'@!+.(#19J.)%%$.,| @$-
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"#'$%"&"( &

74 =J¢d<t7Ib
7% +B.B$%B$H%

Calculate the following statistics for each open ocean granule and broken down by strong beam
groundtrackPso there is one set for each grodraatk.
¥ Aggregate histogram and mean/standard deviation of eachfolldiagng parameters

O7TKTKE"#(&HQ$B(%B.B$SYBSHY%

Table 7 ATL12 Output Variables for Per Orbit Statistics

C%"#B)0&DS8, 248)%-(0-"2 & 693", &

8*5R8BY:$R/*-./08 & | ! !

1 1+, 06+.106)=@.(+ 1+ 854 AR

3 X=$.(+'@H+%-1@$-IC=H.H$2$-01&+ %31 @) (-5,

#D.= S AASR$E

H%6CHL+96%6 8C+L + Y@ ICH- %+ 1%)=@. (+ 1+ $5#-#B0%-B=* | AASUF'Z,

HC)=-"%$% 7O(+%%IC)=-%$%! @ 1%+ 1%)=@. (+1H#-+$5#-IHE%-5- AA>FE+&
V= ($1@I(C A 1SS Q*C'+.-1U.)%%S.,

? ? .

286P?22 o L@
I+ I@I(*C 4SS QT 1 U.)%%S.,

? | .

286P7 2! O 8@8&
8-.8.~81&+D$ -5/ @!(*C + SISl q*C 4]

? |

P86R.Q! U.)%%8$.,1*$0-) =} Al@
V=(-$'@I(*C' + 18IS, Q*C'+.1U.)%%S.,

’) .

286PT) O (&
[+ I @I(*C 4 1SS QC 4 -1U.)96%8.]

? | .

286P7Q! SO 8( &
8-.8.~81 &+D$.§ I @I(*C + 1SIS,1. q*C + ]

?

P86RROQ U.)%%S$.,1*$0-) =} A&

THEHD "GHHI&)=-F, 0o+t 4%"18,

A(PHO +.12.-5)8+'@1%)=@. (+|CH-" 061 B +5+ ! )

SIPHD I+.12' 58 )8+ @1%6)=@.(+ICH- %I$106+5++ ! #6 19%"1&

*#SO(:PHO 3+ 5H @1%+5%+ 16", | #'614</%"R

a T %-. 1@ 125,+=1@% ID+=Y%) %02 EI&S%-. (1] |, o
06)=@.(+ICH- 1+ $54-ID+=1H+1(+., 106 +5%+ |

- 82'C+@12$,+.=|@S$-1D+=%) 9% 2CRS%-., (+1-!

"o=HPHO 06)=@.(+ICH-" 1+ $54-ID+=1H+1(+. 106 +5%+ 1 @

$P=/*H#P'HO Z) H+=I@12.%64E) 2%+ %61 106+ 54+ - 61:#%1%" &

2#)$5.&(Q [+ @125+ =1@$-I=+*D+&I@="1%)=@ (+ICH- #+$1 "$6-00,4( &

v <='H.H$2$-J18+,%$-11@),(-$'@CH-'1%)=@ . (+1+8| X&

Y2#)$ ! +..N@$=%-1"*+ I @1~01%#)2&IH+lgWIIE+. @@3-! | X"$6 &

YV)3 X.=8.,(+Il0%6+ (&1 ¥+ 16% @Yl XR$&
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!Il#ll$%ll&ll( &
Y'8#XI 8c+L,+%%!n!6-#$=&!*"*+ -I'@ff! YV)> | X%F"&
Y8/>( 70(+%%!K)=-'%$%!n!6 @')=-#*"*+ -N@!YV)> 19 1 XF8+&
8+.1%-.+IHS$.%!+%-$* +&I@="1-#+I(==+2.-$ ' @!
@&$00KR)' CH#'-'I=+-)= = -+IL$-#1.2' 5!-=(c!ISW FIH$,! 9,6AA? $%

D+=.5+&1%)@. (+H#+$54#-16YA'AS:

835 $S@S$(.,-IL. D+IH+$5H-1+06-5% —+&1.06! Y I-$*+ 01 #+1
0-E ! %-.,&.=&1&+D$.-$''@!.2', 51-=.(C!ISBHS$,!.D+=5+& | AU>&
%)=@.(+!#+$54-
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This section describes the test dsgs that have been used to derive and verify the performance
of the ATL12 code for surface finding, deconvolution of the instrument impulse response, and
Gaussian mixture determination.

Z5(  7'(+$B1£.B.(+"B%(

Table8 ATL12 Test Data

Instrument Date Location
MABEL April 2012 Fram Strait and Greenland
Sea
MABEL July 2014 North Pacific

ZI( +$11-.B">(3"%B(=.B. (
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In this section, we list notable constraints, limitations, and assumptions important to ATL12 that
affect the coverage, quality @dmterpretation of the sea surface height retrievals and our
objectives for the ATL12. These topics have been discussed throughout the ATBD. In order to
compare with other open ocean topography measures, the overarching objective for the ATL12
product isthat it should be a solid description of sea surface height probability distribution over
each strong beam ground track (and weak beam ground track where available). This objective
and the constantly changing wasevered character of the ocean surfaceoseghe primary
constraint on the ATL12 product. To achieve standard errors in mean sea surface height better
than Xcm under typical sea states, we accumulate the distributions over distances of 5 to 7 km.
This is far longer than the ultimate spatial tagon of the ICESa® instrument, which we in

fact use in the ATL12 analysis for sea state bias estimation. Users can aggregate the ATL 12
distributions to obtain greater statistical significance, and we do this to produce the ocean
gridded product, ATL19Where applicable we and other users can go back to ATLO3 photon
heights and derive specialized ocean products using ATL12 statistics as a guide and benchmark.

6Z% 8&%B#.$'B%

The following are constraints imposed by the inherent capability of the instrument.

¥ At 532 nm, clouds will affect visibility of the open ocean. First impressions looking at
preliminary ICESaR data the lidar appears able detect the ocean surface through at least thin
clouds better than expected.

¥ The reflectance of the ocean suriiadewer than the other surfaces ICEQaiperates over

with the result that only on the order of one photon per pulse is returned from the surface. Thus,
longer path lengths are required to accumulate desired statistical significance of ocean height
measirements than would be required for other surfaces. On the other hand, we donOt have to
worry about detector saturation and first photon bias over the ocean.

6Z/( $I$B.BS&'%

These limitations stem from on our current understanding of the altimetric retumthgsea

ice cover.

¥ Subsurface Scatterin@Quantification of the impact of subsurface scattering on height

retrievals due to multiple scattering from bubbles or particles in the water remains to be
addressed. For the central parts of the deep ocezse, dffects are likely reduced by the scarcity

of scatterers in the water. We might also expect that just as surface waves reduce the reflectance
of the surface, they may also reduce the transmittance of subsurface returns up through the ocean
surface, a énefit offsetting the generation of bubbles by wind waves. Preliminary analysis of
ICESat2 deep ocean data suggests long, but low energy negative tails in the raw height
distribution that are mainly removed in the trimming of the histogram in the fifecsuinding

step. Subsurface scattering will be most important in coastal regions where sediment and
biological productivity increase the density of scatterers. Gaining a better understanding the
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subsurface return problem will be a high priority for fetUCESat2 oceanography.

¥ Sea State Bi&ICESat2 will be unique in estimating what we think will be the main source

of sea state bias by calculating the correlation of photon return rate and surface height at scales
resolving the energy containing face waves. This constitutes what is termed-&ds in other

altimeters. Because we donOt use retracking in the traditional sense or assume a Gaussian surface
distribution, we anticipate ICES&twill not suffer from sea state bias due to these factods, an

the ICESat2 sea state bias is wholly due to Hiihs. We will assess this assumption as part of

the validation process.

6Z[(  *%%1ILBS&'%

These are assumptions made by the retrieval routines that will have to be tested.

¥ Ocean Surface Height retrievlas discussed above key assumptions are that our fine surface
finding clips off the negative histogram tail due to subsurface return and that what is commonly
termed EMbias is the sole source of sea state bias in our analysis of I2E6Sat the ocean.
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File Product Name Concept Short Description Frequency
ID/Level
00/0 Telemetry Data | Full rate Along RawATLAS telemetry in Packets | Files for each
track with channel with any duplicates removed APID for some
info defined time
period
0V1A Reformatted Full rate Along Parsed, partially reformatted, time | Uniform time
Telemetry track with channel ordered telemetry. Proposed stora{ TBD minutes
info format iSNCSA HDF5. (1 minute?)
02/1B Science Unit Full rate Along Science unit converted time ordere( Uniform time
Converted track with channel telemetry. Reference Rangiights | TBD minutes
Telemetry info determined by ATBD Algorithm (1 minute?)
using Predict Orbit and s/c pointing
All photon events per channel per
pulse Includes Atmosphere raw
profiles.
032A Global Full rate Along Reference Rangdkights determined Uniform time
Geolocated track with channel by ATBD Algorithm using POD and| TBD minutes
Photon Data info PPD. All photon events pgulseper | (1 minute?)
beam. Includes POD and PPD
vectors. Classification of each phot
by several ATBD Algorithms.
04/2A Calibrated 3 profiles at 25 HZ Along-track backscatter data at full | Per orbit
Backscatter rate (based on 40| instrument resolution. The product
Profiles pulsemear) will include full 532 nm (14 te1.0
km) calibrated attenuated backscat
profiles at 25 times pesecond for
vertical bins of approximately 30
meters. Also included will be
calibration coefficient values for the
polar region.
052B PhotonHeight Fixed distances | Histograms by prime Classification| Uniform time
Histograms Along-track for by seeral ATBD Algorithms. By TBD minutes
each beam beam (30 minutes?)
06/L3 Antarctica Ice Heights calculated Surfaceheighs for each beam, alon{ There will be
SheetHeight/ with the ice sheet| and acrossrack slopes calculated fq TBD files for
Greenland Ice algorithm, as beam pairs. All parameters are each ice sheet pe
SheetHeight adapted for a calculated for the same alotigick orbit

dH/dt calculation

increments for each beam and repe

Release Dat@1 Octdoer 2019

11d



ICESat-2 Algorithm Theoretical Basis Document for OcearuBace Height (ATL12)

"#'$%"&"( &
File Product Name Concept Short Description Frequency
ID/Level
07/ L3 Arctic Sea Ice Along-trackheighs | Heights of sea ice and open water There will be files
Height Antarctic | for each beam ~50| samples (at TBD length scale) relativ| for each pole per
Sea IceHeight 100m (uniform to ellipsoid dter adjusted for geoidal | orbit
sampling); separatg and tidal variations, and inverted
Arctic and barometer effects. Includes surface
Antarctic products | roughness frorheightstatistics and
apparent reflectance
08/ L3 Land Water Uniform sampling | Height of ground including inland Per half (TBD)
Vegetation alongtrack for each| water and canopy surface at TBD orbit
Heights beam pair and length scales. Where data permits,
variable footpath include estimates of canopy height,
relative canopy cover, canopy height
distributions (dede bins), surface
roughness, surface slope and aspect,
and apparent reflectance. (Inland wat
> 50 m length TBD)
09 L3 ATLAS Based on 3 profiles| Cloud and other significant atmosphe| Per day
Atmosphere Cloud at a 25 hz rate. layer heights, blowing snow, integrate|
Layer (400 lasempulses backscatter, optical depth
Characteristics are summedor
each of the 3 strong
beams.)
10/ L3 Arctic Sea Ice Along-track all Estimates of freeboard using sea ice | There will be files
Freeboard / beams.Freeboard | heighs and available sea surface for each polar
Antarctic Sea Ice | estimatealongtrack | heighs within a ~TBD km length scalg region per day
Freeboard (per pass); separat¢ contains statistics of sea surface
Arctic/ Antarctic samples used in the estimates.
products
1713 Antarctica Ice Heighttime series | Heighttime series at points on the ice| There will be files
Sheet H(t) Series/| for pre-specified sheet, calculated based on repeat tra{ for each ice sheet
Greenland Ice points (every 200m| and/or crossovers for each year
Sheet H(t) Series | alongtrack and
Crossovers.
12/ L3 OceanHeight Along-trackheighs | Heightof the surface10 Hz/700 m Per half orbit
per beam for ocean (TBD) length scales. Where data
including coastal permits, include estimates of height
areas distributions (decile bins), surface
roughness, surface slope, and appare
reflectance
13/L3 Inland Water Along-trackheight | Along-track inlandground andvater TBD files Per day
Height per beam heightextracted from Land/Water/

Vegetation product. TBD datderived
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surface indicator or maskncludes
roughness, slope and aspect.
!
File Product Name Concept Short Description Frequency
ID/Level
14/L4 Antarctica Ice Heighttime series Heightmaps of each ice sheet for | Per ice sheet per
Sheet Gridded/ interpolated onto a each year of the mission, based o| year
Greenland Ice regular grid for each | all available ICESag data.
Sheet Gridded ice sheet. Series+(5
km posting interval)
1514 Antarctica Ice Images of dH/dt for Heightchange maps of each ice | Per ice sheet for
Sheet dh/dt each ice sheet, gridde| sheet, with error maps, for each | each year of
Gridded/ at 5 km. mission year and for the whole mission, and for
Greenland Ice mission. the mission as a
Sheet dh/dt whole
Gridded
16/ L4 ATLAS Computed statistics o1l Polar cloud fraction, blowing snow Per polar region
Atmosphere weekly occurrences of frequency, ground detection Gridded 2 x 2 deg.
Weekly polar clowd and frequency weekly
blowing snow
17/ L4 ATLAS Computed statistics off Global cloudfraction, blowing Per polar region
Atmosphere monthly occurrences | snow and ground detection Gridded 1 x 1 deg.
Monthly of polar cloud and frequency Monthly
blowing snow
18/L4 LandHeight Heightmodel of the Gridded ground surfadeeighs, Products released
Canopy Height ground surface, canopy height and canopy cover | annually at a
Gridded estimated canopy estimates coarse resolution
heights and canopy (e.g. 0.5 deg. tiles,
cover gridded on an TBD). End of
annual basis. Final mission high
high resolution DEM resolution
generated at end of (~1-2km)
mission
19 L4 Ocean M5S Gridded monthly Gridded oceaheightproduct Monthly
including coastal areas. TBD grid
size. TBD merge with Sea Ice SS}
118
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20/ L4 Arctic and Gridded monthly Gridded sea ic&eeboard. (TBD Aggregate for
Antarctic Gridded | separate Arctic and | length scale) entire month for
Sea Ice Freeboarg Antarctic products each polar region
!
File Product Name Concept Short Description Frequency
ID/Level
21/ L4 Arctic Gridded Aggregate for Gridded monthly sea surface height | Aggregate for
Sea Surface entire montHall inside the sea ice cover. TBD grid | entire month for
Height within Sea| sea surfacheight each polar region
Ice/ Antarctic within a grid)
Gridded Sea separate Arctic an
Surface Height | Antarctic products
within Sea Ice
Arctic Sea Ice <+=1<.96%! Sea ice thickness estimates derived | There will be files
Thickness / "#$(C,+%%! from the sea ice freeboard product. | for each polar
AntarcticSea Ice | %.*C2+%!6@="! | Exterral input: snow depth and densi regionper day
T Thickness SViSWW*! for each pass.
E @=++H'.=8&., %;!
£ @'=1+D+=JISW!c*
T 6"GE;!%+5%+,-!
3 6.221H+.*%0; IL#+=+
w 2+.8%!.=+!
.D.$2.H2+el6C+=!
C.%%;
Arctic Gridded | F55=+5.-+!@'=! | Gridded sea ice thickness product; | U=$&&+&!* -#2]
B monthly Sea Ice | +,-$=+*'-# ! centered at mignonth. Include 6.22!-#$(+%%!
S Thicknesd 6.221-#3%(c,+%%! | thickness with or without adjustment| 'H%+=D.-$',%!
E AntarcticGridded | H%+=D.-$.%! | for ice growth (based on time L3$-#3,1.15=5&;! @
o monthly Sea Ice | EP#3.L15=8&! | differences between freeboard +.(#IC'2.=1=+5§",!
n Thickness C2)%!"#$(c,+%%! | observation).
i
6(==+(-+&@'=!
5='L-#; |
s Lake Height Along reference | Extracted from Product 08 and 13, f¢ Monthly along
o track per beam in | lakes >10 km2, with slope and aspe( track product, no
g PanArctic basin Ice on/off flag. TBD water sk pointing
g (>50-60 deg N). developed from existing masks.
n
= Snow Depth Along reference | Extracted from Product 08 and 13 | Monthly along
= track per beam for| along track repedteighs, with slope | track product, no
g PanArctic basin and aspectSnow detection flag. pointing
s (>50-60 deg N).
o
n
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(*FFIX=7e( KN#".(+B.B"(K$.% (8&IL1B.B$&'%()&#(.(FA&B& (8&1'B$'@(
$># (

V'=1/178.- Q0!L+!.=+12"¢c$,5!'D+=1.22!1-#+!=+(+$D+&!%)=@.(+!C#'-', 1#+$5#-%!-'15+-1 1=+(+$D+&!
#+$5#-1&$%-=$H)-$',!.,&!-#+,1&+(',D'2D$,5!-#+!$,%-=)*+,-1$*C) 2%+!=+%C", % +!-'15+-1-#+!
%)=@.(+#+$5#-1&$%-=$H)-$' Al/@!L+!.=+15+--$,5!.1&$%C="C'=-$', .- +1%# . S4IHA 0@ ="*!
-#+IL.D+!1(=+%-%!"=!-=")5#%!H+(.)%+!"'@!.!1&$@ @+=+,(+!$,!=+@2+(-.,(+!H+-L++,!(=+%-%!.,&!
-=")5#%0!-#+!('==+2.-$',|' @ H+$5#-1.,&!I=+@2+(-.,(+!6'=!$,-#$%! (.%+!=.-+'@ICH#"-', |=+-)=,%;!
H&I-H+1%+.1%-.-+1H$.%!$-1(.)%+%!.=+!),c,'L,!- ) %AI4'L+D+=0%@%+C.=.-+!%-+CIL+!-.c+!
&D.,-5+H'@!-#+'@3%,+!%C.-$.2!1=+%'2)-$','@!/279:H-.$,!.2'5 9=.(c!&$%-.,(+'HS,!
D+=.5+1+%-$*.-+%!' @ #+$5#-1., &IC#'-' |=+-)=,I=-+]) H$.%+&!HI!-#+! ) *H+=I"@!C#'-',%!$,!
-#+1H$,%0!.,&!'D+=IH$,%!-#.-|. =+1%#'=-1(*C.=+&!- ' H&*$, .- +1%)=@.(+'L.D+2+,5-#0! L +!
(.,"+%-$* .-+!-#+1%+.1%-.-+IH$.%!$,-#+1%) =@ . (+!#+$5#-1&$%-=$H)-$',)%$,5!-#+ | GSHRE7!' @ !
#(1)*HS\TmA!"&-#$%!L+!,++&!-"1(", %P &+=!-#B>S5*7 1#( f=t-2.-$', 1S, I-+=*0%!' @ HS,!
D+=.5+%!=.-#+=1-#.,1.55=+5.-+IC#'-',|.D+=.5+%A!

V$=%-IL+!4+%-. H2$%#!-#+1=+2.-$' |H+-L++,. D+=5+1#+$5#-1(*C)-+&!'D+=1.221%)=@.(+!
C#'-',%!.,&!-#+!.D+=.5+!-.c+,'D+=1.22IC#"-",%!5=")C+&!$,!C..2",5 9=.(c!&$%-.,(+'HS$,%A!"#+!
C#'-'|1.D+=.5+1%+.19%)=@.(+!#+$5#-1$%!-#+1%)*|-#+#+ S FTHADOH@. (+!2H@+ & CH#'-', %!
&3$DB&+&!IH@

N
! H =lEn-! 6GSt
photonavg N ~ i 7

A'L+D+=0!$@!L++OCH+9aet+1%6)*I'D+=1.201.2' 5 9=.(C!HS$,%!'@!-#+!,)*H+=!"@!C#-' %!
5=")C+&!$,-'I+.(#!H$,0B0IL+1%++1-#1-Q

K
[ N=Er. [ 6G::!

]
j=1

8$*$2.=2J0IL+1(.,I5=")Cl-#+#+$5#-%!$, - 1-#+1(' -=$H)-$' %! @="+1+.(# | H$,

! ini =iinl I 6S¥YG;!
i=1

j=1 I=1
L#t+=+\B1$0%0!-#+1#+$54#-1' QHHESH - 1S, L. IHS, ILS-#1.1-- 2I'@! SICH'-',%!$,I$-Al"#+=+@'=+0!-#+!

D+=5+1#+$5#-1'D+=1.22IC#"-' | 1#+$5#-%!$%!+B).2!-'|-#+IH$,|. D+=.5+1#+$5#-%! L +$5#-+ &I HI!-#+!
=+2.-$D+1%#.=+I'@!C#"-',%!$,!+.(#!H$,0!(*H$,$, 5165}

r, n
! 1N,7=1"’,7=,21;’!! 6STUGY!
i 1
N ia N o= ir'
J
j=1
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!
[|-4+1=42.-$' I @G>$5*TH(OHS\TM!6\; 0L +=+C2. (+!-#+!H.(C%(.—+=!(+@ @$(3+ 0'@V!

HH ) FHA=I @ICH- %ICH+=IH$H. %!, 1+OC=+%%$', ' @!-#+!+,+=5]I1=+-)= +&I@="*1-#+1%)=@.(+!
$,1+.(#HS,A
88GI$%!-#+ICH-' | D+=5+I'=ICH#-' IL+$5#-+&H$,|.D+=.5+1*$ )% !-#+1-=)+1. D+=.5+I'@!

%)=@.(+#+$5#-96I'D+=1.221-#+&$%-., (RS AD!
I

K 7 K

[ SSB=—N\pn 2L _1H ! 6GT!
NZ"I K K K
Er.
J
j=1

!
L+=+\BU$%!-#+]-=)+]. D+=.5+!' @ 1#+$5#-1kHHE, | '-IHS.%+&IHI!-#+1, ) *H+=IC#'-', %0!.,&!

00'1-#+100+(', &I-+=*1' 1-#t +H=$54#-IGU0%+1-2) 1 =15 +-$(*+., ' @1%)=@. (+1#+$5#-1. D+=.5+&!
'D+=CIH$, %A
! I

& u = & 6GR&

I

"#+1 ) H+=I'@1%.*C2+%!$,1.2" B-=.(C!H$, OIS, &!-#')5#1-#+1% *C2+1= -+IL$-#!+.(#!
%.*C2+0WI6%!C'-+,-$.22]1&3@ @+=+,-!@'=!+.(#1%.*C2+Q WI8L &+ D+=.5+1%.*C2+!=.-+I$,!
+.(# *ILS&+IHS, 1) (#1-# .11

! o= N 6GXt

X ] J
!
"#+1.D+=5+"@!C#'"-"\#+$5#-%!$,!+.(#!H$,!$%
#,

! r=_" ! 6Gb!
e
8!
! AN 6G\;!
! s
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!

&I6GT;IH+("*+%!

!

K K
er n] Zn}

! SSB=1= = 6GSW;
K K ’
zr

J
J=
&!IL$-#I6GR;016GSW; 'H+(*+%
K K K

21 er Jj zlrj‘un erj(}_‘un)

! SSB = - —un=’ F J =1 - Il 6GSS;
r > >
j=1 j=1 j=1

I

"H$%612"CYo! 2BCH-#+1%6 *+1=+2 -$',|. %! 6\ GHB5* F()*HS\Tm!H)-1$-1$%!.12$--2+1), (2+.=1$@!
F=,'2814-1. 2154 10+ 1-#+IH.(C%(.—+=!(+@ @$($+,-'$,1#$%1+B).-$' , I'=I-#+1D.=$.-$',1$,
H.(C%(--+=1(+@@$($+,-L.H')-1-#+1*+_ A" |(#+(Cl-#$%! @'="")=I=+2.-$' L +IH=+.Cl#+$5#-!.,&!

=+-)=,1=.-+18, IEE E 1$,-'1*+.,016 ;!.,&!-$*+!ID.=J$,5!6C=$*+&;!("*C',+,-%AlI8C+.c$,5!
'@!-#+1.2',59=.(c!H$,!B).,-$-$+%0! In!1/sl0 Bl &! >Ini 1oXtAIV="*16G\;Q

I

K T n.
! N é’"li =%Eznl =22 -2 6GS:;!
= j=11=1
;rj ;r]

J@!-#+1.2' B=.(CIH$,%!.=+196* 221+ \SHI%'|-# - 1-#+1%+.19%)=@. (+1#+$54-1D.=$.-$', ILS-#$, 1. IH$,!
$%61¥)(#1%6*.22+=1-#. 1-H+1D.=$.-$' ' @ H-+$5#-IH+-L++ 1HS, 0616H$, %! =+106* 221(*C. =+&!-'I-#-+!
L.D+2+,5-#'@!-#+1&™*$,.,-IL.D+%:01L+1(.,1.%06)*+!-#.-1-#+1 D+=.5+!' @ICH, #+$5#-%%!

L$-#$,!H$,(ﬁj O!+B).2%!-#+!-:)+!.D+=.5+!'@!#+$5#—!L$-#$,!J!)IJTIS',O&!-#+!-:)+!.D+:.5+!
#+$5¢-1$%1+B).2!-1-#+1.D+=5+J@D+=1.22!H$ %A
K K
2 20,
=1 L

! u ==+

- 6GS’}
T K K
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"H#$9%!.%%)*C-$',1$%!+B)$D. 2+,-1-'196.J$, 51-#+1H$.%6!1&)+1-'1D.=$.-$', '@ -4+ ) H+=!'@!CH#-', %!
LS-#$,1HS,%!$%106* 221(*C.=+&1-1-#-+1H$.%!1&) +1-'1-#+18$@ @+=+, (+%!$, 1-#+! ) H+=I"@!CH#-' %!
* 5IHS,%A18$*$2.=2J0!-#+].D+=.5+IC# -, I=.-£D10!$0%!

r.
j
! =1l 6GSY:;
H, K
FCC2J%,5!16G\;!-'16GY;l.,&IH=+.c$,5!$,-'1*+..1.. &!D.=J$,5!C.=-%!
f 0/3 f f f
- "$ 0/19!_& %)! & #0/833-/.1%% &S}'u.r K
_n ] =&E¥ =& =& =&
n .. # ! ! ! !
# n O/g n 0/8 n 0/8 n %3
& & & v
s SO, ] S, %
=& : I ! ! 6GST;
1] 0/(9
&
s U %" S 86, " P
_& . ' :&J" + fuo'lz&fl. +1, |
[1] 0/(g [1] (%8 [1] (%9 1] cyg
' & & &

1 &
!
8'1$,1@.(-!-#+IC="&)(-1$,!-#+188G 1 +O C=+% %S HEN7 I#(NES\\T;1$%!-#+!C='8) (-I' @!-#+!
D.=$.-$',%!$,1&$%-.,(+!H$,IC#'-' |=.-+], &ICH-', 1#+$5#-Q
|
"8

! . 6GSR;

1] $%

1 %%

F2-+=,.-$D+2J0!(,%$&+=IH=+.c$,5!&'L,!6GSS:

& & & &
28 28X, S8(ic k)

nn p— %ﬂ — % .

! T _ ! 6GSX;
28 2% 28
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L$-#00 in'iislo Bitl.,&! >ainfd 10!A
K K K K
UL GRS GRS BN X (r,n,)
! SSB=j=; —M,]=j=1 - -M,,=HK7+M,,—M,7=HK7” 6GSb}
Zr}, grj ;rj grj

(,%%$%-+,-1L$-#I6GSR;A
!
!
!
d+!C="C'%+!-#.-1-#+=+1$%!.1%+.1%-.-+1H$.%0!$, |- #+#SSH+=*"*+,-9061. 200' A/ @!L+!(, %S & +=1#$5#+=!
% . *C2+$#1"*+ -00!' @ H+$5#-!

K K

20-w) Y9,

Lt I

! M(n)=22 = 6GS\;
K K
F%!L$-#6GST;Q
K T K K K
Ll gm Vrgm Vrg (m 1 (r+u)lgm)+p)
- v — jA1 =1 — j= _ j=1 _ j=
M=t g (m=rg—— === 7
. | r. | r. I r. | r.
" | s |
j=1 j=1 j=1 K=1

K

L (rg,(m)+r p, +p g, (n)+p 1)
| =J3 Il
! . I

I r
" J

j=1

L (r'gm)+pp) 1 (g, (n)) I (r,'g,(n))

K
K K K K g
| r | r | r I r
J J J J
j=1 j1 j=1 j=1

H)0IHY " (1 # 101415+, -OIL) 28 D+ 1%6$*$2.=18&+=3D.-$,|@'=I-#+$=106+.1%- - +IH$.%0!
00K'Z $[®
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K
2 (-, -avg(n, -1, )")
SSBM(n) =22 K I 6G:Wt
Sr
J
j=1
I
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*FF9X=7e(8M(9aL"HB.B$&'[5.a$I$U.B$& (COSE(FH#&H">1#(

V="*IFCC+,&$0!7I'"@!F"GE!F"'3WX
711.25'=$-#*1@'=14%-$*.-$,5!-#+!C.=*+-+=%!"@!-*C', +,-1,'=*.21*$O-)=+% !
BTN, 25'=$-#*1+%0-$* .-+ 0%0!-#+IC.= F+-+=001"@!. I *C' +,-,'=* 21*$O-)=+!-#.-IH+%- !
&+%(=$H+!.1&$%-=$H)-$',!'@!=.,&*ID.=$. H2#2H1@>#(1)* HE\XXIIK&*?#0!S\\b; A
"#H1-L' Q*C+,- 1P $0-)=+HIY&+2Q !
!
! f(x:) =0 (x5 141,01)+(1— 00 )@, (x5 Uz,0,) !
!
frn)
e i 16Z'=*2IE$%-=%$H)-$'}

! oi(x;1;,0:)=

|

"#+1711%-+C%!-"1("*C)-+!-#+IC.= *+-+=0%!'" @!-#+!*$O-)=+1*'&+21L$-¥1=.,&"*!D.=$.-+%)!

x.(0, 1,04, 13,0,)1.=+@

SA!Y,$-$.2$"+IL$EQ] 04, 1,,0, !

Al70C+(-.-$',167;!1%-+CQ!("*C)-+Q

! vi= 0i(X:i44,01) I
0, (X5 14,01)+ (1), (x:5 12,02)

@'£IN'SOAMAQ
|

*AlLOS*$ -8 161:1%-+CAI(*C)+Q!
!

T T
D vex PR ACENL

! = O =

T
27 7
t=1 t=1
T T
2(1_7t)xt Z(I_Yt)(xt_.uz)z
! y = 10l == — 0L.,&!
> a-7) > a-7)
t=1 t=1
# n
! I = —1
| #
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55Z4 ,9Y9,9X89+  (

F=,"2&0!EA!XAQ!dAIkA!I+2D$22+0!KAI4AI8-+L.=-0'AIFAIK', 50!dA!I1AIk+22+=0!.,&!7A!3.*.==+I6S\\T; 0!
|+.90)=+*+,-%!'@!+2+(-="*.5,+-$(IH$.%!.-1k)!.,&! 11H., &% 0N+!<#5=:;'+! #2336 1S;0/\RV

\b WA
1.==€=+0!3A0!.,&'VAI3].=&!6!:WW;0!I'&+2$,5!-#+!H.="-="C$(I1=+%C",%+!'"@!-#+!52'H.2!"(+.,!-']
~F%CH+=3(ILS,&!.,&IC=+%%)=+@'=(HBC.=$%",%!L$-#!"H%+=D.-$', %A
1#.*H+=%0!EA!<AOQ!8AIFA!4.J+%0!]AI1AIK$+%0!.,&!"AlJAls=H.,!16:WW ;0! Z+L!"?<7i!%+.!%-.-+H$.%!
*&+2%!.,&!-#+$=1+@@+(-!",!52'H.2!*+.,1%+.1 2 \N+2H5=:"+! #23d61SW;0!" " WITA
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