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Introduction

A research station for measuring ecosystem-atmo-

sphere relations SMEAR-Estonia was established in 

southeastern Estonia, at the Järvselja Experimental For-

estry station, 58º 16’ N, 27º 18’ E in 2013-2015. The 

Järvselja SMEAR station completes the network of Finn-

ish SMEAR stations (SMEAR 2015). In order to esti-

mate absorbed photosynthetically active radiation (PAR) 

and absorbed spectral and total radiation in forests, from 

where air arrives to the instruments at the SMEAR tower, 

!"#!$%"&'()$!)&!*"'+,-%.')"$')/0%$*'*1'&2%'/)"$.#)3%'.,(-

rounding the SMEAR station are needed. 

The albedo of a surface describes the ratio of radi-

ant energy scattered upward and away from the surface 

in all directions to the downwelling irradiance incident 

upon the surface. Uncertainties in albedo may induce sig-

"!4#)"&',"#%(&)!"&!%.'!"'&2%'%.&!5)&!*"'*1'.,(1)#%'%"%(67'

+,-%.'(%8,!(%$'&*'%.&!5)&%'%9)3*&()".3!()&!*"')"$'32*&*-

synthesis. Monitoring of forest albedo allows detecting 

insect defoliation of forests (Eklundh et al. 2009).

Albedo estimates based on satellite measurements of 

(%+%#&)"#%' .3%#&()' )(%' 3(*9!$%$' 07':;<=>'?)"$'@%)5'
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Keywords:'G*(%.&')/0%$*U':;<=>')/0%$*'3(*$,#&U'F!(0*("%'5%).,(%5%"&.E

BRIEF REPORT

V?Q<FFM' ABCLWE' :;<=>' /)"$' 3(*$,#&.' 3(*9!$%' .3%#-

&()/')/0%$*')&'LBB'5'.3)&!)/'(%.*/,&!*"'!"'.%9%"'(%+%#&!9%'

0)"$.'V?Q<FFM'ABCLWE'@2%':;<=>'M*//%#&!*"JL'3(*$-

ucts are available since autumn 2006.

@2%(%'2)9%'0%%"')&&%53&.'&*'9)/!$)&%':;<=>')/0%$*'

estimates using ground-based and airborne data. Point-

based measurements at the ground level are not suitable 

for direct comparisons with moderate spatial resolution 

satellite data over heterogeneous landscapes. Knobel-

.3!%..%'%&')/E'VABBOW'#*53)(%$':;<=>')/0%$*'&*')!(0*("%'

estimates using measurements of spectral directional re-

+%#&)"#%'*9%(')'&73!#)/'(,()/'5!$JK%.&'*1'&2%'X"!&%$'>&)&%.'

!"' &2%' 1)//E'<)&)' 1(*5'&K*'+!62&.')&' &2%')/&!&,$%'*1')0*,&'

200 m above ground were used having ground resolution 

)0*,&'P'5E'I%&(!%9%$'$)&)'K%(%'#/)..!4%$'!"&*'&K*'#/)..%.U'

soil and vegetation ones. Albedo was estimated using the 

.)5%'#*53,&)&!*")/'.#2%5%').'!"'&2%':;<=>'/)"$'3(*$-

uct. The general conclusion was that there is good agree-

5%"&' 0%&K%%"' :;<=>' )"$' )!(0*("%' )/0%$*' %.&!5)&%.U'

2*K%9%(U' &2%':;<=>'9!.!0/%J"%)(' !"1()(%$' VY!.JZ=IW')/-

bedo estimates were higher than airborne estimates in both 

ground cover types. The validation effort was hindered by 

&2%'.5)//'8,)"&!&7'*1'$)&)')9)!/)0/%'1*('#*53)(!.*"E
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Mira et al. (2015) performed two-stage validation 

 !"#$%&'"()*+, "-. ,/01" 2+."("#+,31+..(4+(4"(5.30/)-

tural area. First, local ground measurements were used to 

validate albedo estimates using high spatial and temporal 

resolution images of Formosat-2 sensor, which were then 

aggregated to evaluate collocated coarser resolution im-

(5+6" !"#$%&'7"89+"0 :-(.36 4".+2+()+," 19+"(*3)31;" !"

19+"#$%&'"()*+, "-. ,/01"1 "+613:(1+"<319"9359"(00/.(0;"

and low uncertainty the albedos from an agricultural re-

gion, however some bias was observed over dark targets.

Remote sensing studies at Järvselja have been car-

.3+,"  /1" ! ." 6+2+.()" ;+(.6" 34" 19+" !.(:+"  !" 19+"=>?@A&"

-. B+01" C=()3,(13 4"  !" ?(4," @/. -+(4" A+: 1+" '+46345"

&461./:+416D"C=>?@A&"EFFGDH"! ."19+"6/-- .1" !"6(1+))31+"

remote sensing of forests (Kuusk et al. 2007, Rautiainen 

et al. 2008), and for the validation of theoretical models 

of radiative transfer in vegetation canopies (Kuusk et al. 

EFIJD7"#+(6/.+:+416" !"1 -K !K0(4 -;".+L+01(40+"6-+0-

tra in these studies allow estimating landscape spectral al-

bedo at the study area and its year-to-year variability. The 

estimates of mean albedo of the forested landscape based 

 4" 1 -K !K0(4 -;" :+(6/.+:+416"  !" .+L+01(40+" 6-+01.("

 4* (.,"(" ) <"L;345"9+)30 -1+."(.+"0 :-(.+," 1 " 19+"()-

*+, "+613:(1+6" !"19+"61/,;"(.+("34"#$%&'")(4,"-. ,/016"

C?M%>>N"EFIGD7

Material and Methods

The surroundings of the SMEAR-Estonia are mixed 

forests, which belong to the hemiboreal zone with mod-

erately cool and moist climate and can be characterized 

as remote and rural with low anthropogenic disturbances. 

Stands are pure or mixed and composed mainly of silver 

birch (Betula pendula Roth), Scots pine (Pinus sylves-

tris" ?7DH"O .<(;" 6-./0+" CPicea abies" C?7D"P(.617DH" 0 :-

mon alder (Alnus glutinosa"C?7D"Q(+.147DH"(6-+4"CPopulus 

tremula"?7DH"5.+;"(),+." CAlnus incana" C?7D"# +409D"(4,"

small-leaved lime (Tilia cordata" #3))7D7" Q. <19" 0 4,3-

tions range from poor, where the site index H
100

 (estimat-

ed stand height at the stand age of 100 years) is less than 

10 m, to very good, where H
100

 can be over 35 m. About 

75% of the site area is covered by forests, natural grass-

lands, and pastures. A more detailed description of the test 

site is provided by Kuusk et al. (2005).

R+)30 -1+.":+(6/.+:+416" !".+L+01(40+"6-+01.("34"19+"

spectral domain 350-1,050 nm over the study area have 

*++4"0(..3+," /1"6340+"EFFS"/6345"T>='-+0"6+.3+6" !"6-+0-

trometers. These are fully autonomous lightweight spec-

trometers based on the 256-band NIR enhanced variant of 

19+" :343(1/.+" =36KO&A" 6-+01. :+1+." : ,/)+" # 4 )31930"

Miniature Spectrometer 1 (MMS-1) manufactured by 

N(.)"U+366"V+4("Q:*R"CP//6W"EFIID7"89+"6-+01. :+1+.6"

were mounted on the chassis of a Robinson R22 helicop-

ter so that they were looking in the nadir direction during 

61.(3591"L3591"(1"0 461(41"6-++,7">2+.(5+"L3591"()131/,+"<(6"

about 80-100 m above ground level in order to minimize 

19+"34L/+40+" !"19+"/4,+.);345"(3.")(;+.7"89+"!  1-.341" !"

19+"X+),K !K23+<"CY$=D" 4"19+"5. /4,"<(6"(* /1"E7GKJ":7"

An average measurement campaign comprised approxi-

:(1+);" 4+K9 /."L3591" 2+."19+"! .+616H",/.345"<9309": .+"

than 20 000 spectra over more than 400 forest stands were 

(0Z/3.+,7"A+0 .,+,"6-+01.("<+.+"5+ K) 0(1+,"<319"19+"QM'"

.+0+32+." !"19+"T>='-+0"3461./:+417"#+(6/.+:+416"<+.+"

carried out in 2006-2011, 2013, and 2015 in direct sunlight 

(1" 6 )(." [+4319" (45)+" C'U>D"  !" (--. \3:(1+);" ]F^7"#+(-

surements were carried out in July, except of 2007, when 

there was no weather for measurements in July and mea-

surements were done on 8th August. 

89+":+(6/.+,"9;-+.6-+01.()".+L+01(40+"<(6".+,/0+,"

to 18 spectral bands, which correspond to the Proba/

NRA&'"# ,+"J"*(4,6"C_(.46)+;"+1"()7"EFF]D7"8936"6+)+0-

tion of bands is intended for studies of land surface and 

vegetation, and has been used in several previous studies 

 !"6-+01.()"6354(1/.+6"(4,",3.+013 4()"-. -+.13+6" !".+L+0-

tance at the test site (Kuusk et al. 2007, 2013, 2014, 2015, 

Rautiainen et al. 2008). Spectral albedo in these spectral 

*(4,6"<(6"+613:(1+,`"C(D"/6345"19+": ,3X+,"2+.63 4" !"19+"

1< K)(;+." 9 : 5+4+ /6" 0(4 -;" .+L+01(40+" CNAD": ,+)"

>NA#"CP//6W"EFFIH"P//6W"+1" ()7" EFIGDH" (4," C*D"/6345"

19+"! .+61".+L+01(40+": ,+)"YA8"CP//6W"(4,"O3)6 4"EFFFH"

P//6W"+1" ()7" EFI]D7" &4" 19+"X.61" 0(6+H" 19+"NA": ,+)"<(6"

X11+," 1 " 19+":+(4"6-+01./:" !" 19+"<9 )+" 1+61"(.+(" 34"Ia"

NRA&'" *(4,6" (4," 19+" : ,+))+," ,3.+013 4()" .+L+01(40+"

was integrated over the upper hemisphere via view zenith 

and azimuth angles. All the spectra registered at less than 

S^"23+<"4(,3."(45)+"C=O>D"<+.+"342 )2+,7"8936"<(;"19+"

*)(0W" 6W;" ()*+, " C,3.+013 4()K9+:36-9+.30()" .+L+01(40+H"

C?3(45" EFF]DD"  !" 19+" )(4,60(-+" ! ." 19+" 'U>" b" ]F^" <(6"

calculated using:

      (1)

where:  
! 
(", "

0
, ϕ) is the spectral bidirectional re-

L+01(40+c"

""36"19+"23+<"[+4319"(45)+c"

"
0
"36"19+"'U>c"and 

ϕ is the view azimuth relative to the solar azimuth.

In the second case, average spectral signatures of 

spruce, pine and broadleaf forests, and grasslands were 

found separately. Involved were forest stands, where at 

)+(61"IF".+5361+.+,"6-+01.("<319"19+"=O>"d"S^"<+.+"0 ))+01-

+,7"89+"! .+61".+L+01(40+": ,+)"YA8"<(6"X11+,"1 ":+(4"

6-+01./:"34"Ia"NRA&'"*(4,6"2(.;345"6 :+": ,+)"34-/1"

-(.(:+1+.6" C19+"  2+.61 .+;" (4," /4,+.61 .+;" ?>&H" )+(!"

09) . -9;))" 0 41+41H" 6 3)" .+L+01(40+D7" 89+" : ,+))+," ,3-

.+013 4()".+L+01(40+"<(6"341+5.(1+," 2+."23+<",3.+013 467"

The mean landscape albedo was calculated as a weighted 
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Band MODIS CHRIS

Blue 459–479 437-442

483-495

Green 545–565 543-556

563-574

Red 620–670 622-636

651-667

667-678

NIR 841–876 767-789

855-882

sum of the albedos of the landscape components. Respec-

 !"#$ %#!&' ($ %#)#$ #( !*+ #,$ -(!.&$  '#$ /0+((!1/+ !2.$ 23$

45678$(9#/ )+0$!*+&#($23$ '#$ #( $(! #$:;--(<$# $+0=$>?@AB$

and the land use map of the test site (Kuusk et al. 2005).

CDE78$ 0+.,$ 9)2,-/ ($ 9)2"!,#$ (9#/ )+0$ +0F#,2$ + $

A??$ *$ (9+ !+0$ )#(20- !2.$ !.$ (#"#.$ )#G#/ !"#$ F+.,($ :HI-

EJJ4$>?@AB=$K2-)$CDE78$F+.,($3+00$!. 2$ '#$(#.(! !"! L$

)+.&#$23$MJN89#/O$ '#)#32)#O$ '#(#$32-)$F+.,($+)#$-(#,$!.$

 '#$32002%!.&$+.+0L(!(=$P'#$CDE78$4200#/ !2.QA$9)2,-/ ($

are available since autumn 2006. A 7 km × 7 km subset 

%+($#R )+/ #,O$%'!/'$!./0-,#($F2 '$ '#$ST)"(#0U+$NJHV67$

site and the SMEAR-Estonia. Most of the helicopter mea-

(-)#*#. ($+)#$+0(2$!.(!,#$ '!($(-F(# =$P'#$CDE78$+0F#,2$

product supplies the weighting parameters f
iso

, f
vol

, f
geo

 for 

#+/'$ 23$  '#$ CDE78$ (9#/ )+0$ F+.,($ +($ %#00$ +($ 32)$  ')##$

broad bands (0.3-0.7 µm, 0.7-5.0 µm, and 0.3-5.0 µm). 

These parameters are used with a simple polynomial to 

#+(!0L$ #( !*+ #$  '#$ ,!)#/ !2.+0Q'#*!(9'#)!/+0$ )#G#/ +./#$

(black-sky albedo) for any desired solar zenith angle 

:CDE78$H+.,$8/!#./#$P#+*$>?@ABO$!=#=W

      

      

      (2)

where: g
xcxx

 +)#$&!"#.$/2.( +. (X$ 
0
 is the solar zenith 

angle.

P'#$CDE78$ +0F#,2$ !($ .2 $ +"+!0+F0#$ 32)$ #"#)L$ ,+LX$

there are gaps due to weather conditions. For the compari-

(2.$23$ +0F#,2$ 3)2*$+!)F2).#$*#+(-)#*#. ($ +.,$CDE78$

,+ +O$CDE78$+0F#,2$"+0-#($23$#"#)L$9!R#0$ !.$  '#$(-F(# $

are interpolated to the date of helicopter measurements 

-(!.&$ '#$9)#"!2-($+.,$32002%!.&$CDE78$"+0-#(=$N!(!F0#$

+.,$Y76$(9#/ )+0$+0F#,2($+)#$/+0/-0+ #,$-(!.&$CDE78$+0-

bedo product for every pixel in the subset of 196 pixels. 

Mean value and standard deviation of spectral albedo val-

-#($2"#)$ '#$(-F(# $+)#$32-.,=$89#/ )+0$F+.,($23$CDE78Z

P#))+$+.,$CDE78ZJ[-+O$%'!/'$+)#$-(#,$!.$ '!($( -,LO$+.,$

 '#$)#(9#/ !"#$45678$C2,#$\$F+.,($+)#$0!( #,$!.$P+F0#$@=

Results

In Figure 1, the spectral albedo of the study area is 

#( !*+ #,$-(!.&$MJN89#/$,+ +$!.$45678$F+.,(O$+.,$ '#$

CDE78$+0F#,2$!.$ '#$)#(9#/ !"#$(9#/ )+0$F+.,(=$P'#$)#,$

albedo !$]$^>>$_$^\^$.*$:45678$F+.,$`B$ !($2*!  #,$!.$

Figure 1c in order to avoid overloading the graph. Error 

F+)($23$ '#$CDE78$+0F#,2$('2%$ '#$( +.,+),$,#"!+ !2.$23$

 '#$CDE78$#( !*+ #$2"#)$@a^$9!R#0(=

We can see rather small changes of spectral albedo 

3)2*$ L#+)$  2$ L#+)$ #( !*+ #,$ 3)2*$  '#$ MJN89#/$ ,+ +=$

There are some systematic differences between the two 

#( !*+ #($-(!.&$J46C$2)$K6P$!.$+00$(9#/ )+0$F+.,(=$D.$

+"#)+&#O$2"#)$+00$L#+)($+.,$+00$(9#/ )+0$F+.,($ '#$J46C$

estimates are 0.01 higher. Relative difference is the high-

#( $ !.$  '#$ 45678$ F+.,$ @@$ :b?@$ .*BO$ %'#)#$  '#$J46C$

estimate is 30 % higher. In other bands, the differences 

are less than 10 %. The year-to-year variations are about 

10 % in blue bands, 10-15 % in NIR bands, 15-25 % in 

green and red bands. The difference in the spectral shape 

23$F0+/<$(<L$+0F#,2$-(!.&$J46C$2)$K6P$!($/+-(#,$FL$ '#$

+F!0! L$ 2$(!*-0+ #$)#G#/ +./#$(9#/ )+$FL$ '#(#$46$*2,-

#0(=$P'#$(9#/ )+0$F#'+"!2-)$23$ '#$J46C$)#(-0 ($+)#$/2.-

trolled by the optical properties of foliage. In the wave-

0#.& '$)+.&#$bA?c@O???$.*$0#+3$)#G#/ +./#$+.,$ )+.(*! -

 +./#$+)#$+0*2( $/2.( +. X$  '#)#32)#O$  '#$+0F#,2$#( !*+ #$

is almost constant as well. The forest model FRT accounts 

for the contribution of tree stems and bark. Stem and bark 

)#G#/ +./#$ !($ !./)#+(!.&$ %! '$ !./)#+(!.&$ %+"#0#.& '$ !.$

 '!($ (9#/ )+0$ !. #)"+0X$ '#./#$  '#$ 32)#( $ )#G#/ +./#$ !($ !.-

creasing with wavelength in this spectral range. 

P'#$ CDE78$ #( !*+ #($ +)#$ (L( #*+ !/+00L$ '!&'#)$ !.$

all spectral bands (Figure 2). The variability of estimates 

!($)+ '#)$0+)&#$!.$"!(!F0#$F+.,(=$7.$Y76$ '#$CDE78$+0F#,2$

is stable and close to the airborne estimate using the for-

est model FRT. The exception is year 2007, when weather 

conditions for satellite measurements were poor. There is 

+$02.&$&+9$!.$ '#$CDE78$+0F#,2$,+ +O$+.,$ '#$1)( $+"+!0-

able data after the airborne measurements are probably 

+33#/ #,$FL$/02-,(=$P'#)#32)#O$ '#$>??b$CDE78$,+ +$+)#$

ignored in Figure 2.

To some extent the uncertainty of the mean albedo 

F+(#,$2.$CDE78$,+ +$ !($ /'+)+/ #)!d#,$FL$  '#$ ( + !( !/+0$

variability of pixel values over the study area. It is dif-

1/-0 $  2$ #( !*+ #$  '#$ -./#) +!. L$ 23$ +!)F2).#$ +0F#,2$ 32)$

several reasons. While the radiometric calibration errors 

are mainly determined by the errors in the measured inci-

,#. $)+,!+ !2.$+.,$#))2)($!.$ '#$/+0!F)+ !2.$23$1#0,$)#3#)-

ence (Kuusk 2011, Kuusk et al. 2014), the statistical er-

ror of albedo estimates depends on several factors. The 

1#0,$23$"!#%$23$ '#$MJN89#/$(9#/ )2*# #)$!($"#)L$(*+00O$

 '#)#32)#O$  '#$( +.,+),$,#"!+ !2.$23$  '#$MJN89#/$(!&.+0$

/'+)+/ #)!d#($  '#$ "+)!+F!0! L$ 23$ )#G#/ #,$ )+,!+./#$ !.$  '#$

scene (sunlit and shaded tree crowns, secondary growth, 

Table 1.$89#/ )+0$F+.,($23$CDE78ZP#))+$+.,$I)2F+Z45678
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Table 2. The average black sky albedo of the study area for 

 !"#$#%&

Figure 1. Spectral albedo of the study area, estimated using 

'"( )*+#,-.-#-/,#.0*#"123#45,*6#57#.0*#829#45,*6:#-/,#

.0*#3;<= #6-/,#)75,>+.?#@-A#B6>*#C)*+.7-6#B-/,C:#@BA#D7**/#

spectral bands, (c) red spectral bands, (d) NIR spectral bands. 

9E5#6F/*C#4-7G*,#-C#"123#57#829#F/#*H*7I#C>BJD>7*#+577*-

C)5/,#.5#.0*#7*C)*+.FH*#1K2= #B-/,C:#C**#9-B6*#L

Figure 2. The range of the estimated spectral albedo values in 

2007–2015

Band, nm

FRT ACRM

Mean STD  Mean STD

437 0.0123 0.0004 0.0141 0.0003

484 0.0142 0.0003 0.0152 0.0006

523 0.0327 0.0026 0.0307 0.0015

544 0.0395 0.0034 0.0372 0.0018

563 0.0383 0.0031 0.0357 0.0018

622 0.0241 0.0014 0.0219 0.0017

651 0.0200 0.0010 0.0191 0.0018

667 0.0169 0.0010 0.0177 0.0018

689 0.0208 0.0011 0.0196 0.0019

701 0.0456 0.0025 0.0353 0.0025

707 0.0684 0.0036 0.0543 0.0030

732 0.1926 0.0093 0.1810 0.0069

746 0.2567 0.0131 0.2482 0.0109

767 0.2906 0.0147 0.2849 0.0139

855 0.3165 0.0143 0.2927 0.0143

882 0.3251 0.0139 0.2950 0.0145

901 0.3310 0.0135 0.2967 0.0146

993 0.3346 0.0132 0.2938 0.0141

PAR 0.0226 0.0010

Total 0.1520 0.0059
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 !"#$%&'!"#()$)* *+&!,-#.&/)()%0#*1)#!'23)%#&4#%)5&%")"#

spectra is huge and the small-scale variability of scene ra-

"+ !5)#+6#78*)%)"#&'*#39# ()% $+!$-#:1)#'!5&!*%&88)"#( %+-

ance of measurement results is mainly due to the different 

6)*#&4#2) 6'%)"#6* !"6# !"#51 !$)6#+!#*1)#;+$1*#*% 5<#=&-

sition in stands in different years. Therefore, the observed 

variations of the site albedo from year to year cannot be 

considered the measure of real albedo variations. The 

mean albedo spectrum and integrated albedo values are 

listed in Table 2. The integrated albedos expressed as:

      (3)

 %)# 4&%# *1)# / ()8)!$*1# % !$)#> # ?# @AA# B# CAA# !2#

(PAR) and !D#?#@AA#B#EEAA#!2#F*&* 8,-#.)%)0#aFD,#+6#*1)#

spectral albedo and QFD,#+6#*1)#6=)5*% 8#+!5+")!*#;'G-#:/&#

albedo estimates are the results of integrating the forest 

2&")8# HI:# &%# 1&2&$)!)&'6# 2&")8# JKIL# &()%# (+)/#

angles. The standard deviations in Table 2 cannot be con-

sidered as the measure of uncertainty of albedo estimates, 

these describe the variation of estimated albedo in the 

time frame 2007–2015.

Conclusions

Mean black sky albedo of the forested landscape sur-

rounding the SMEAR-Estonia research station is estimat-

)"#'6+!$# +%3&%!)#2) 6'%)2)!*6# !"#LMNOP#8 !"#=%&"-

'5*-#I)6'8*6# %)#=%)6)!*)"#4&%#*1)#K.IOP#L&")#Q#6=)5*% 8#

bands, photosynthetically active radiation and integrated 

R+6STOI#6=)5*% 8#"&2 +!-#:&=#&4#5 !&=9#%)6'8*6#4%&2#1)-

licopter measurements are compared to respective albedo 

)6*+2 *)6#+!#*1)#LMNOP#8 !"#=%&"'5*-#U%)(+&'6#)G*)!6+()#

studies both of angular distribution and high spectral reso-

lution of forests at the study area, and applying carefully 

( 8+" *)"#2&")86#&4#4&%)6*#"+%)5*+&! 8#%);)5* !5)# 88&/)"#

to get the best possible estimates of landscape albedo dur-

ing the stable period of forest phenology in mid-summer 

+!#*1)#*+2)#4% 2)#4%&2#EAAV#*&#EAWX-#Y) %S*&S9) %#( %+ -

tions in the estimated albedo are so small that in the stud-

+)6#&4#)!)%$9#;'G)6# !"#!)*#=%+2 %9#=%&"'5*+&!#*1)# ()%-

age estimates could be used. The obtained albedo spectra 

can be used as a reference for detecting forest damages 

caused by insects, diseases or other natural disturbances. 

:1)# 83)"&#)6*+2 *)6#'6+!$#*1)#LMNOP#8 !"#=%&"'5*#696-

tematically overestimate the albedo of the study region 

and have random variations, which could be caused by 

small clouds indistinguishable at the 500 m resolution of 

*1)#LMNOP#8 !"#=%&"'5*6-
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