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Executive Summary 
The National Aeronautics and Space Administration (NASA) continues to provide 

operational support for twenty-two Earth-observing satellites. Guided in its efforts by the 
recommendations of the decadal survey, Thriving on our Changing Planet, NASA’s Earth 
Science Division (ESD) continues to execute a balanced and robust program of technology 
development, research, and applications. 

During the past year, NASA and the U.S. Geological Survey (USGS) successfully 
launched the Landsat 9 mission. Though similar to its predecessors, Landsat 9 can transmit 
data with higher radiometric resolution, which enables it to detect subtle differences on 
Earth’s surface. With two Landsat series satellites currently on orbit, NASA and USGS are 
able to image the globe every eight days. 

In June 2021, NASA successfully launched the TROPICS Pathfinder satellite. It is a test 
satellite similar to the ones expected to be flown as part of the Time-Resolved Observations 
of Precipitation structure and storm Intensity with a Constellation of Smallsats (TROPICS) 
mission. TROPICS Pathfinder enables real-world testing of the planned technology, 
communications, and data processing system, allowing adjustments to increase TROPICS 
mission success. The full TROPICS mission to study tropical cyclones will consist of six 
CubeSats equipped with small microwave radiometers stationed in three orbital plans. 
Three launches of two CubeSats each are expected to take place by the end of July 2022. 

Earth System Observatory (ESO) missions in pre-Phase A are undergoing Mission 
Concept Reviews in preparation to enter Phase A, where they will develop a baseline 
mission concept, validate requirements, and establish mission architecture. 
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NASA REPORT ON THE STATUS OF CURRENT AND FUTURE 
SATELLITE MISSIONS 

 

1 INTRODUCTION 
The National Aeronautics and Space Administration (NASA) continues to provide 

operational support for twenty-two Earth-observing instruments and satellites. Five of the 
satellites are in the prime mission phase, and seventeen are in an extended mission phase. 
Since 2019, research enabled by this data has contributed to approximately 10,000 research 
publications. Although all NASA missions are conceived of as research systems (rather than as 
operational systems), their efficient communication and ground data handling systems 
continue to support operational activities, although few satisfy near-real-time application 
needs. 

Section 2 provides a listing of NASA Earth-observing satellites operating in Low Earth 
Orbit (LEO). In addition, it provides highlights from the recently launched Sentinel-6 Michael 
Freilich mission. 

Section 3 provides status updates on several small satellite technology missions that 
were launched within the last few years. 

Section 4 provides a status update on a NASA satellite operating at Lagrange Point 1. 
Section 5 provides status updates on issues related to formation flying, collision 

avoidance, continued advancements in small satellite technology, and instruments on the 
International Space Station.  

Section 6 discusses future satellite systems development. 
Section 7 provides a brief summary of the Senior Review process as well as NASA 

missions and assets that are contributing to global greenhouse gas monitoring.  

2 CURRENTLY OPERATING SATELLITE SYSTEMS 
Table 1 provides a list of all currently operating NASA Earth-observing satellites. The 

recently launched Landsat 9 and TROPICS Pathfinder satellite are highlighted below. 
The Landsat 9 mission successfully launched from Vandenberg Space Force Base in 

California on 27 September 2021, and it continues a 50-year Landsat legacy of monitoring the 
Earth’s land and coastal areas. A joint mission with the U.S. Geological Survey (USGS), Landsat 
9 joins Landsat 8 in space, which was launched in 2013 and replaces Landsat 7, which was 
launched in 1999. Though similar to its predecessors, Landsat 9 can transmit data with higher 
radiometric resolution, which enables it to detect subtle differences on the Earth’s surface. It 
carries two instruments, the Operational Land Imager 2 (OLI-2) and Thermal Infrared Sensor 
2 (TIRS-2). These satellites are operated by USGS and together cover the globe every eight 
days, collecting ~1,500 images daily. Figure 1 shows the satellite’s first images released during 
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its in orbit check out period in late 2021. Landsat 9 is fully operational, and its data are freely 
available to the public from the USGS website. 

 

 
Figure 1: A) OLI-2 imagery of the snow and glaciers in the Himalayan mountains leading to the flat 
Tibetan Plateau to the north. B) TIRS-2 thermal data of the same area. Cool colors indicate relatively 
cooler surface temperatures, warm colors indicate relatively warmer surface temperatures. C) OLI-2 
imagery of farm fields (brown and green rectangles) in southern Ontario, Canada, sandwiched 
between Lake Erie and Lake St. Clair. D) In this TIRS-2 image of the same Canadian farmlands, 
produce greenhouses (white and grey rectangles at the bottom in image (C)) show up as relatively 
cooler (blueish). Credits: NASA/USGS 

 
On June 30, 2021, NASA successfully launched the TROPICS Pathfinder satellite. This is 

a test satellite similar to the ones expected to be flown as part of the Time-Resolved 
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Observations of Precipitation structure and storm Intensity with a Constellation of Smallsats 
(TROPICS) mission. The full TROPICS mission will consist of six CubeSats with small 
microwave radiometers designed to study tropical cyclones. TROPICS satellites will be 
positioned in three orbital planes and have rapid revisit times. The TROPICS Pathfinder 
satellite allows real world testing of the mission’s technology, communications, and data 
processing systems, enabling adjustments to increase mission success. Figure 2 shows 
TROPICS Pathfinder “first light” images of Hurricane Ida just before and after it made landfall 
in Louisiana. More information about the TROPICS mission is provided in Section 6 and at: 
https://tropics.ll.mit.edu/CMS/tropics/Mission-Overview  
 

 

 
Figure 2: TROPICS Pathfinder images of Hurricane Ida at 205 GHz on 28 August 2021 and 29 August 
2021. Images of Hurricane Ida before landfall (left) show a well-defined eye of the storm, as well as 
inner and outer rainbands that persisted as the storm made landfall in Louisiana (right). The 
instrument’s high frequency channel is sensitive to precipitation, so rainbands are clearly visible. In 
VIS/IR images, precipitation would be obscured due to clouds. Credits: NASA/TROPICS Pathfinder 
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Table 1: Current NASA ESD Low Earth Orbit (LEO) Satellites 

Satellite Science and Application ECT/Inclination  
& Mean Altitude Launch Date Instruments Data Access 

Landsat-71 
Provide continuity land surface observations to 

study, predict, and understand the consequences 
of land surface dynamics 

10:00 (D) 
705 km 15 Apr 1999 ETM+ USGS 

Terra2 
(EOS AM-1) 

Collect measurements of Earth’s atmosphere, land, 
snow and ice, ocean, and energy balance to 

understand Earth’s climate and climate change and 
to map the impact of human activity and natural 

disasters on communities and ecosystems 

10:30 (D) 
Drifting 
705 km 

18 Dec 1999 
ASTER, MODIS, 
MOPITT, MISR, 

CERES 

 
Terra Data 

 
Direct Broadcast 

 

Aqua 
(EOS PM-1) 

Measure the water cycle, radiative energy fluxes, 
aerosols, vegetation cover on the land, 

phytoplankton and dissolved organic matter in the 
oceans, and air, land, and water temperatures to 
enhance understanding of the climate system and 

improve weather forecasting 

13:30 (A) 
Drifting 
705 km 

04 May 2002 

MODIS, AIRS, 
CERES,  

AMSU-A, AMSR-E, 
HSB 

 
EOSDIS 

 
Direct Broadcast 

 

Aura3 
Measure atmospheric chemistry to better 

understand ozone trends, air quality changes, and 
linkage to climate change 

13:40 (A) 
705 km 15 Jul 2004 MLS, TES, HIRDLS, 

OMI GES DISC 
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Table 1: Current NASA LEO Satellites (continued) 

Satellite Science and Application ECT/Inclination  
& Mean Altitude Launch Date Instruments Data Access 

CALIPSO1,4  

(Cloud-Aerosol Lidar 
and Infrared 
Pathfinder Satellite 
Observation) 

Observe aerosols and vertical cloud profiles to 
provide insight into the role that aerosols and 

clouds play in regulating Earth's weather, 
climate, and air quality 

13:45 (A) 
Drifting 

705/689 km 
28 Apr 2006 CALIOP, IIR, 

WFC ASDC 

CloudSat4 

Survey the vertical structure and overlap of 
cloud systems and their liquid and ice-water 
contents to improve the accuracy of weather 

forecasts and climate predictions 

13:45 (A) 
Drifting 

705/689 km 
28 Apr 2006 CPR CloudSat DPC 

Landsat-81 
Provide continuity land surface 

observations to study, predict, and understand 
the consequences of land surface dynamics 

10:11 (D) 
705 km 11 Feb 2013 OLI, TIRS USGS 

GPM Core2  

(Global Precipitation 
Measurement) 

Observe rain and snowfall worldwide every 
three hours, to facilitate monitoring and 

forecasting weather events such as droughts, 
floods, and hurricanes, and enable research on 

precipitation and climate change 

65-deg 
Non Sun synchronous 

407 km 
27 Feb 2014 GMI, DPR PMM Data 
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Table 1: Current NASA LEO Satellites (continued) 

Satellite Science and Application ECT/Inclination  
& Mean Altitude Launch Date Instruments Data Access 

OCO-2 
(Orbiting Carbon 
Observatory) 

Collect measurements of atmospheric carbon 
dioxide to characterize sources and sinks on 

regional scales and over seasons 

13:30 (A) 
705 km 02 Jul 2014 Grating 

Spectrometer GES DISC 

SMAP 
(Soil Moisture Active 
Passive) 

Measure water in surface soil everywhere on Earth 
and determine if the ground is frozen or thawed to 

help monitor drought, predict floods, improve 
weather forecasting, and assist agriculture 

planning 

18:00 (A) 
685 km 31 Jan 2015 

L-band Radar,  
L-band 

Radiometer 

ASF 
(radar) 

 
NSIDC 

(Cryosphere and 
land microwave) 

CYGNSS 
(Cyclone Global 
Navigation Satellite 
System) 

Measure wind speeds over Earth’s oceans, 
increasing the ability to understand and predict 

hurricanes 

35-deg 
Non Sun-synchronous 

500 km 
15 Dec 2016 GPS PO.DAAC  

GRACE-FO 
(Gravity Recovery and 
Climate Experiment 
Follow-On) 

Measure changes in Earth’s gravity field to monitor 
variations in terrestrial water storage, ice mass, 

ocean bottom pressure, and sea level to improve 
weather and drought forecasting 

89-deg 
Non Sun-synchronous 

490 km 
22 May 2018 

MWA, LRI, 
Accelerometers, 

GPS RO 
PO.DAAC 
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Table 1: Current NASA LEO Satellites (concluded) 

Satellite Science and Application ECT/Inclination  
& Mean Altitude Launch Date Instruments Data Access 

ICESat-2 
(Ice, Cloud, and Land 
Elevation Satellite) 

Measure surface elevation to track height 
changes of glaciers, sea ice, and forests to 

estimate future changes and impacts  

92-deg 
Non Sun-synchronous 

500 km 
15 Sep 2018 ATLAS NSIDC 

Sentinel-6 Michael 
Freilich 

Measure ocean surface height to monitor global 
sea level; provide tropospheric temperature and 

humidity data to improve weather forecasts, 
climate models, and hurricane tracking 

66-deg 
Non Sun-synchronous 

1336 km 
21 Nov 2020 

Poseidon-4 SAR 
Radar Altimeter, 

AMR-C, GNSS-
RO, GNSS-POD, 

DORIS, LRA 

PO.DAAC 

Landsat 91 
Provide continuity in land surface observations to 
study, predict, and understand the consequences 

of land surface dynamics 

98.2-deg 
Near-polar, Sun-

synchronous 
705 km 

27 Sep 2021 TIRS-2, OLI-2 USGS 

1 NASA supports operations through the science instrumentation. Partners include U.S. Geological Survey (USGS) for Landsat; CNES for CALIPSO 
2 Support for operation of the GPM Dual-frequency Precipitation Radar (DPR) and Terra ASTER is provided by JAXA. 
3 Support for operation of the Aura OMI instrument is provided by the Royal Netherlands Meteorological Institute (KNMI). 
4 CloudSat lowered its altitude in February 2018 from 705 km to ~689 km. CALIPSO joined CloudSat in formation flying at this lower altitude in September 2018. Although both  

orbits were initially Sun-synchronous, the equator crossing times are allowed to drift, and the mean altitudes are decreasing 
*Instruments in red are failed/decommissioned or have reduced functionality, as follows: 

Failed/Decommissioned Instruments: Reduced Functionality Instruments:!

HSB and AMSR-E on Aqua ASTER on Terra (SWIR module not functioning) 
HIRDLS and TES on Aura AMSU on Aqua (channels 1, 2, 4, 5 and 7 failed)!

L-band Radar on SMAP 
WFC on CALIPSO 

CloudSat (daylight operations only) 

!
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6)!\`a(L%+'5(7&/*0&*(.%'%($+".<&'7(&"@*+('5*(D5",*(7<0,/'(H%&*("H(L%+'5(*@*+G(M("+(A(5"<+7?(
$+"@/./04(%(<0/E<*?(7<0+/7*9'" 97<07*'(7G0"$'/&(@/*D(%'(%(7/04,*(]1KJ(K5/7(<0/E<*(@%0'%4*(
$"/0'(%,,"D7('5*(4*0*+%'/"0("H(0*D(7&/*0&*(.%'%($+".<&'7X('"'%,(&",<#0("^"0*?(&,"<.(
+*H,*&'/@/'G?()\! ($,<#*(H+"#(%(@",&%0/&(*+<$'/"0?(%0.(7<0,/'(,*%H(%+*%(/0.*;(8)OP-:J(\^"0*(%0.(
&,"<.(+*H,*&'/@/'G(%+*(./+*&',G(<7*.('"(*7'/#%'*('5*(%#"<0'("H(>`(+%./%'/"0(+*%&5/04('5*(
4+"<0.(D/'5('5*(%../'/"0("H(%0"'5*+(LQ-!($+".<&'7X(%*+"7",("$'/&%,(.*$'5(%0.(%F7"+$'/"0J(
\^"0*(%0.(%*+"7",(+*'+/*@%,7(%+*(<0/E<*,G(*05%0&*.(<7/04('5*(+*'+/*@%,("H(&,"<.(%0.(%*+"7",(
$,<#*(5*/45'(H+"#(LQ-!N7(\! (P9(%0.(R9F%0.7J(P(0*D("&*%0(7<+H%&*($+".<&'(
8$5"'"7G0'5*'/&%,,G(%@%/,%F,*(+%./%'/"0?(QPa:(F*&%#*($<F,/&,G(%@%/,%F,*(7/0&*(P$+/,(ABAMJ(
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P(7$*&/%,(/77<*("H(!"#$%&'"()*'+#%'),'$(&$-(d"<+0%,(e6)!\`a(LQ-!YS-)KPaX(b(G*%+7("H(
\F7*+@/04(L%+'5(H+"#('5*(H/+7'(O%4+%04/%0(Q"/0'f(5%7(F**0(/77<*.(D/'5(AT($%$*+7(%&&*$'*.("+(
$<F,/75*.J(K5*(LQ-!(a]R(&","+(/#%4*7(&"0'/0<*('"(*0d"G(7/40/H/&%0'($"$<,%+/'G(D/'5('5*($<F,/&(
%0.(#*./%J(K5*(6)!\`a(@%0'%4*($"/0'(%'(OM(%HH"+.7("$$"+'<0/'/*7(H"+(7"#*(@*+G(<0/E<*(
/#%4*7J(P,,(LQ-!(&","+(/#%4*7(%+*($<F,/&,G(%@%/,%F,*(%'X(5''$XYY*$/&J47H&J0%7%J4"@J(

; ! ,'&'-,+-#.&'$,+"/+ %$,$&%57+&).+. $<$1"#0$)' +,&'$11('$+,2,'$0, +

;34! /"%0&'(")+/12 ()* +
P(0<#F*+("H(SP)P(%0.(>J)J(7%'*,,/'*7("$*+%'*(/0(&,"7*($+";/#/'G(%'(%$$+";/#%'*,G(cBb(

I#( %,'/'<.*( %0.( %7&*0./04( *E<%'"+( &+"77/04( '/#*7( "H( MTXTBJ( g0"D0( %7( '5*( P9'+%/0?( '5/7(
&"07'*,,%'/"0(5%7(F**0(F</,'(<$("@*+(#"+*('5%0(%(.*&%.*?(7'%+'/04(D/'5('5*(,%<0&5("H(PE<%(/0(
ABBA?( %0.( &"0'/0</04( D/'5( Q",%+/^%'/"0( %0.( P0/7"'+"$G( "H( a*H,*&'%0&*( H"+( P'#"7$5*+/&(
)&/*0&*7(&"<$,*.(D/'5(\F7*+@%'/"07(H+"#(%(O/.%+(8QPaP)\O:?(D5/&5(D%7(,%<0&5*.(/0(ABBC(%0.(
.*&"##/77/"0*.(ABMTh(P<+%(8,%<0&5*.(/0(ABBC:h(!,"<.)%'(8,%<0&5*.(/0(ABB=?(*;/'*.('5*(P9
'+%/0(/0(ABMU:h(!,"<. 9P*+"7",(O/.%+(%0.(-0H+%+*.(Q%'5H/0.*+()%'*,,/'*(\F7*+@%'/"07(8!PO-Q)\:(
8,%<0&5*.(/0(ABB=?(*;/'*.('5*(P9'+%/0(/0(ABMU:h('5*(Z%$%0*7*(]!\1 9_M(e)[-i>g> f (7%'*,,/'*(
8,%<0&5*.(/0(ABMA:h(%0.('5*(\+F/'/04(!%+F"0(\F7*+@%'"+G9A(8\!\ 9A:(8,%<0&5*.(/0(ABMC:J(

K5*(P9'+%/0(&"07'*,,%'/"0( /7( %&'/@*,G( #%0%4*.( '"( *07<+*( %$$+"$+/%'*( 7*$%+%'/"0J( K5*(
$+";/#/'G("H('5*7*(7$%&*&+%H'(*0%F,*7(0*%+,G(7/#<,'%0*"<7(#*%7<+*#*0'7(%,'5"<45('5*(.%'%(
%+*( &"0'+/F<'*.( FG( #<,'/$,*( $,%'H"+#7( H+"#( #<,'/$,*( $+"@/.*+7J( K5*( F+"%.( +%04*( "H(
&"#$,*#*0'%+G('*&50/E<*7(8*J4J?(./HH*+*0'(D%@*,*04'57(%0.(@/*D/04(4*"#*'+/*7:(<7*.(%&+"77(
'5*7*( $,%'H"+#7(%+*( $%+'/&<,%+,G( @%,<%F,*( H"+( 7'<.G/04( %'#"7$5*+/&( &5*#/7'+G( %0.( $5G7/&7(
F*&%<7*('5*G(*0%F,*(&"#$+*5*07/@*(#*%7<+*#*0'("H('+%&*(4%77*7(%0.($%+'/&,*(&"#$"7/'/"0J(
K5*(@%,<*("H(7<&5(&"/0&/.*0'(#*%7<+*#*0'7(D%7(H<+'5*+(.*#"07'+%'*.(FG('5*(!PO-Q)\('*%#N7(
.*&/7/"0('"(H",,"D(!,"<.)%'("<'("H('5*(P9'+%/0(%H'*+(!,"<.)%' N7(+*%&'/"09D5**,(H%/,<+*J(6*7$/'*(
'5*(*;/'("H('5*7*('D"(#/77/"07?('5*+*(+*#%/07(%(7'+"04(*#$5%7/7(/0('5*(SP)P(+*7*%+&5($+"4+%#(
'"(#%I*(7G0*+4/7'/&(<7*("H(/07'+<#*0'7?(%7(.*#"07'+%'*.(FG('5*(P9'+%/0J(

R%7*.("0('5*(+*7<,'7("H('5*(ABAB(L%+'5()&/*0&*()*0/"+(a*@/*D?(SP)P(4+%0'*.(PE<%?(P<+%?(
!PO-Q)\?(!,"<.)%'?(%0.(\!\ 9A(#/77/"0(*;'*07/"07('5+"<45(H/7&%,(G*%+(ABATJ((PH'*+("0*('"('D"(
.*&%.*7("H("$*+%'/"07(%0.($+".<&/04(*;&*,,*0'(&"#$,/#*0'%+G(7&/*0&*?(#%0G("H('5*(P9K+%/0(
#/77/"07(D/,,(F*(.*&"##/77/"0*.("@*+('5*(0*;'(H*D(G*%+7J((

;38! 5"11(,(")+&<"(.&)5$+0")('"%()* +
( P,,(SP)P(#/77/"07(%+*(+*E</+*.('"($+"'*&'('5*("+F/'%,(*0@/+"0#*0'('5*G("$*+%'*(/0(FG(
<'/,/^/04(!"0d<0&'/"0(P77*77#*0'(a/7I(P0%,G7/7(8!PaP:(7*+@/&*7(%0.('"($*+H"+#(+/7I(
%77*77#*0'(H"+($"'*0'/%,(&,"7*(%$$+"%&5*7(D/'5("+F/'%,(.*F+/7(%0.("'5*+("$*+%'/"0%,(
7%'*,,/'*7J(

-0(6*&*#F*+(ABAB?(SP)P(+*,*%7*.('5*(,./0'0"/1%)2#$34$0%&#$)5(('((+'$%)/$6)2#77&(&#$)
58#&6/$0')9'(%):"/0%&0'();/$6<##=('"(/#$+"@*(4,"F%,(%D%+*0*77("H(7$%&*(%&'/@/'G(%0.(75%+*(
SP)PN7(,*77"07(,*%+0*.(+*4%+./04(&,"7*(%$$+"%&5(&""+./0%'/"0(%0.(#/'/4%'/"0J(K5/7(
5%0.F""I(/7(H+**,G(%@%/,%F,*(%'X(5''$7XYY0"./7TJ47H&J0%7%J4"@Y\!Lj."&7Y\!LjbBJ$.HJ(P(
+*&*0'(5/7'"+G("H(&",,/7/"0(%@"/.%0&*(#%0*<@*+7(/7(75"D0(/0(3/4<+*(TJ(K5*(0<#F*+("H(!PaP9
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7<$$"+'*.(#%0*<@*+%F,*(#/77/"07(/0(OL\(7/0&*(ABBc(/7(4*0*+%,,G('+*0./04(<$D%+.(%0.('5*+*(
%+*('5"<7%0.7("H(#%0*<@*+%F,*(0"09SP)P(#/77/"07(75%+/04('5*7*("+F/'7J(K5*(0<#F*+("H(
#%0*<@*+7($*+(G*%+(/7(/0&+*%7/04(7/40/H/&%0',G(D/'5('5*(&<++*0'(7",%+(&G&,*(%0.('5*(%../'/"0("H(
#%0G(,%+4*(0*D(&"07'*,,%'/"07("$*+%'/04(/0(OL\J(P7('5*(0<#F*+("H($"'*0'/%,(&"0d<0&'/"07(
F*'D**0("$*+%'/"0%,(#%0*<@*+%F,*(7%'*,,/'*7(/0&+*%7*7?(7"(."*7('5*(0*&*77/'G(H"+(/#$+"@*.(
&"##<0 /&%'/"07(F*'D**0(7%'*,,/'*("$*+%'"+7('"(&""+./0%'*(%@"/.%0&*(#%0*<@*+($,%00/04J(
)5"D0(/0(3/4<+*(T(%+*('5*('"'%,(0<#F*+("H(<0/E<*(&"0d<0&'/"0(*@*0'7(7/0&*(ABM=?(D5/&5(5%@*(
'+/$,*.(7/0&*(ABMUJ((

(

(
./96:7(; !"#$%&'(")*"+),-$,+./),"'0',.1"1/,+'"2345 "67'"&8$'"179:':"9('9"17);1".7'".).98",$%&'(")*"
$,/<$'"+),-$,+./),"'0',.1";/.7":'&(/1="9+./0'"19.'88/.'1="9,:"89(>'"+),1.'889./),1"791".(/?8':"1/,+'"
234@A""67'"&89+B"8/,'"17);1".7'".).98",$%&'(")*")&-'+.1"C:'&(/1"D"9+./0'"19.'88/.'1="/,+8$:/,>"89(>'"
+),1.'889./),1E"),")(&/."791"/,+('91':"F3G"1/,+'"#)0'%&'(")*"2324A""67'"HIJ"CH9:/98="I,K6(9+B="J()11K
6(9+BE":'*/,'1".7'"0)8$%'"9()$,:"JLHL"1$??)(.':"#LML"%/11/),1"1+('',':A"I.N1"9"3AOB%"P"OB%"P"OB%"
'88/?1)/:"+',.'(':"9.".7'"1?9+'+(9*.";/.7"(9:/98"&'/,>"3A2OB%"9&)0'"9,:"&'8);="I, K.(9+B"&'/,>"2AOB%"
/,"*(),."9,:"&'7/,:="9,:"J()11 K6(9+B"&'/,>"2AOB%"),"'/.7'("1/:'A"J(':/.1!"JLHL "

"
(
SP)P(5%7(%4+**#*0'7(D/'5(%(@%+/*'G("H(#*4%9&"07'*,,%'/"0("+4%0/^%'/"07?(/0&,<./04(

)$%&*V(%0.(\0*_*F?('5%'(H"+#%,/^*(&""+./0%'/"0(%0.(75%+/04("H(/0H"+#%'/"0(0*&*77%+G('"(
#%/0'%/0(%0.(/#$+"@*(7$%&*(7%H*'GJ(-0(%../'/"0('"(/0&+*%7/04('5*(+*7"<+&*7(.*./&%'*.('"(
&"0d<0&'/"0(%77*77#*0'?(SP)P(&"0'/0<%,,G(/#$+"@*7('5*(%4*0&GN7("+F/'%,(.*F+/7(
+*E</+*#*0'7(%0.($+"&*.<+*7(%0.(+*4<,%+,G(/0@*7'7(/0(%0%,G7/7('"",(/#$+"@*#*0'7J(
K5*("+F/'%,(.*F+/7(*0@/+"0#*0'(/7(+%$/.,G(&5%04/04?(%0.(D/'5('5*(%../'/"0("H(,%+4*(
&"07'*,,%'/"07?('5*(0**.(H"+(&,"7*(&""+./0%'/"0(F*'D**0(%,,(7%'*,,/'*("$*+%'"+7(5%7(
7/40/H/&%0',G(/0&+*%7*.('5*(D"+I,"%.(H"+(#/77/"07(%0.('5*(!PaP('*%#J(-0(3*F+<%+G(ABAA?(
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SP)P(7<F#/''*.(%(,*''*+('"('5*( 3*.*+%,(!"##<0/&%'/"07(!"##/77/"0(83!! :(+*4%+./04(
&"0&*+07(%F"<'(%(7/40/H/&%0'(/0&+*%7*(/0('5*(H+*E<*0&G(/0(&"0d<0&'/"0(*@*0'7(%0.($"'*0'/%,(
/#$%&'7('"(SP)P(7&/*0&*(%0.(5<#%0(7$%&*H,/45'(#/77/"07J(\'5*+('5%0(&"0d<0&'/"0(*@*0'7?(
7<094,/0'(%0.(H/*,.("H(@/*D(F,"&I%4*7(H+"#('5*('5"<7%0.7("H(7%'*,,/'*7("+F/'/04('5*(L%+'5(&"<,.(
0*4%'/@*,G(/#$%&'(@%+/"<7(SP)P(7&/*0&*(#*%7<+*#*0'7J(K5*(H<,,(,*''*+(/7(%@%/,%F,*(%'(
5''$7XYYDDDJ7&+/F.J&"#Y."&<#*0'YbbcWAC===YSK-P9SP)P9S)39,*''*+ 9'" 93!! 9+*4%+./049
)'%+,/0I9]*0 9AJ(

;3! ! ,0&11+,&'$11('$+'$57)"1"*2+.$0"),'%&'(") +

;3!34! 72#$%,#$5'%&1+'7$%0&1+(0&*$%+
[G$*+7$*&'+%,(K5*+#%,(-#%4*+(8[GK-:(/7(%('5*+#%,(/#%4/04(/07'+<#*0'(F</,'(FG(

>0/@*+7/'G("H([%D%//(%'(1%0"%J(K5/7(#/77/"0(D/,,(.*#"07'+%'*(5"D(5/45(7$*&'+%,(%0.(7$%'/%,(
,"049D%@*(/0H+%+*.(/#%4*(.%'%(&%0(F*(%&E</+*.(H+"#(%(=>(!<F*)%'($,%'H"+#J([GK-(D/,,(<7*(%(
7$%'/%,,G(#".<,%'*.(/0'*+H*+"#*'+/&(/#%4/04('*&50/E<*('"($+".<&*(7$*&'+"9+%./"#*'+/&%,,G(
&%,/F+%'*.(/#%4*(&<F*7?(D/'5(Ab(&5%00*,7(F*'D**0(U9MBJc(k#?(%'(%(4+"<0.(7%#$,*(./7'%0&*(
"H(%$$+";/#%'*,G(=B(#*'*+7J(K5*([GK-($*+H"+#%0&*(#".*,(/0./&%'*7(0%++"D(F%0.(SL! K7("H(l(
BJT(gJ(K5*(7#%,,(H"+#(H%&'"+(/7(#%.*($"77/F,*(@/%('5*(<7*("H(%(0"9#"@/049$%+'7(3%F+G9Q*+"'(
/0'*+H*+"#*'*+(%0.('5*(Z*'(Q+"$<,7/"0(O%F"+%'"+GN7(8ZQO:(&+G"4*0/&%,,G(&"",*.([/45 (\$*+%'/04(
K*#$*+%'<+*(8[\K :(R%++/*+(-0H+%+*.(6*'*&'"+7(8R-a6):(3"&%,(Q,%0*(P++%G(83QP:('*&50","4GJ(
O%<0&5(/7(7&5*.<,*.(H"+(0"(*%+,/*+('5%0(3%,,(ABAAJ(K5*(@%,<*("H([GK-('"(L%+'5(7&/*0'/7'7(D/,,(F*(
.*#"07'+%'*.(@/%("09F"%+.($+"&*77/04("H('5*(+%D(/07'+<#*0'(.%'%('"(4*0*+%'*(OM(%0.(OA(
$+".<&'7?(D/'5(%(H"&<7("0(+%$/.(.*,/@*+G("H(.%'%(+*4%+./04(@",&%0/&(.*4%77/04?(,%0.(7<+H%&*(
'*#$*+%'<+*?(%0.($+*&/7/"0(%4+/&<,'<+*(%$$,/&%'/"07J(

;3!38! ,(*)&1,+"/+"##"%'-)('2+# =>&).+()<$,'(*&'(") +
K5*()/40%,7("H(\$$"+'<0/'G(Q9F%0.(-0@*7'/4%'/"0(8)S\\Q-:( /7(%(+*H,*&'"#*'+G(

#/&+"D%@*(/07'+<#*0'(F</,'(FG(Q<+.<*(>0/@*+7/'G(/0($%+'0*+75/$(D/'5(]"..%+.()$%&*(3,/45'(
!*0'*+(8])3! :(%0.(ZQOJ(K5*(#/77/"0(D/,,(.*#"07'+%'*(5"D(./+*&'?(%0.(L%+'5(+*H,*&'*.(7/40%,7(
"H("$$"+'<0/'G(/0(Q9F%0.(H+"#(4*"7'%'/"0%+G('*,*&"##<0/&%'/"07(7%'*,,/'*7(&%0(F*(%&E</+*.(
H+"#(%(=>(!<F*)%'($,%'H"+#(H"+(+*'+/*@%,7("H(+""'(^"0*(#"/7'<+*(8ai)1:(%0.(70"D(D%'*+(
*E</@%,*0'(8)_L:J(K5*(#/77/"0(D/,,(<7*(Q9F%0.(+*&*/@*+7('"(&",,*&'(./+*&'(%0.(L%+'5(+*H,*&'*.(
7/40%,7(%0.(&+"779&"++*,%'*('5*(.%'%('"(*;'+%&'(ai)1(%0.()_L(#*%7<+*#*0'7J(K5*7*(
+*'+/*@%,7(D/,,(#*%7<+*(70"D(%0.(7"/,(#"/7'<+*?(D5"7*(.%'%(%+*(@/'%,(H"+(%$$,/&%'/"07(,/I*(H"".(
7*&<+/'G(%0.(D%'*+(+*7"<+&*7(#%0%4*#*0'J()S\\Q-(D/,,(F*('5*(H/+7'(/09"+F/'(.*#"07'+%'/"0(
"H('5*(Q9F%0.(7/40%,7("H("$$"+'<0/'G('*&50/E<*(%0.(D/,,(%.@%0&*('5*($+"'"'G$*(/07'+<#*0'('"(
K*&50","4G(a*%./0*77(O*@*,(cJ(-'(/7('%+4*'*.(H"+(,%<0&5(0"(*%+,/*+('5%0(P<4<7'(ABAAJ(

;3!3! ! 5"0#&5'+'"'&1+(%%&. (&)5$+0")('"% +
K5*(!"#$%&'(K"'%,(-++%./%0&*(1"0/'"+93,/45'(6*#"07'+%'/"0(8!K-1936:(/7(%0(*/45'9

&5%00*,(=>(!<F*)%'(/07'+<#*0'(H"+(#*%7<+/04('"'%,(7",%+(/++%./%0&*(8K)-:J(L;$*&'*.('"(,%<0&5(
/0(ABAA?(!K-1 936(D/,,(F*(" 0("+F/'(H"+("0*(G*%+(%0.(%,,"D(7&/*0'/7'7('"(%77*77(D5*'5*+(7#%,,(
7%'*,,/'*7(&%0(F*(%7(*HH*&'/@*(%'(#*%7<+/04(K)-(%7(,%+4*+(7*07"+7(,/I*( '5*(K"'%,(-++%./%0&*(
1"0/'"+(8K-1:(%F"%+.('5*()\a!L(%0.(K)-)9M(#/77/"07J(O/45'*+(%0.(#"+*(&"#$%&'?(!K-1936(
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H*%'<+*7(7*@*+%,(/#$+"@*#*0'7('"('5*("+/4/0%,(K-1(.*7/40J(K5*(<7*("H(`*+'/&%,,G(P,/40*.(
!%+F"0(S%0"'<F*(8`P!SK:(F","#*'*+7(#%+I7(%(7/40/H/&%0'(#/,*7'"0*(/0('5*(E<*7'('"(.*@*,"$(
,/45'D*/45'(&"#$"0*0'7(H"+(!<F*)%'9&"#$%'/F,*(/07'+<#*0'7J(K5*7*(7/,/&"09F%7*.(
F","#*'*+7(D/,,(.+%#%'/&%,,G(+*.<&*('5*(D*/45'("H('5*(!K-1936(!<F*)%'(D/'5"<'(
&"#$+"#/7/04(/'7(%F/,/'G('"(#*%7<+*('5*('"'%,(/++%./%0&*("H('5*()<0(8ABB(2(ACBB(0#:(D/'5(%0(
<0&*+'%/0'G("H(,*77('5%0(BJBM($*+&*0'J(

;3!3: ! )&)",&'+&'0",#7$%(5+57$0(,'%2+72#$%,#$5'%&1+">,$%<&'(")+,2,'$0 +
O%<0&5*.(/0(3*F+<%+G(ABAA("0F"%+.('5*(S]9Mc(!G40<7(+*7<$$,G('"(-))?(S%0"7%'(

P'#"7$5*+/&(!5*#/7'+G([G$*+7$*&'+%,(\F7*+@%'/"0()G7'*#(8SP![\):(/7(%(T>(!<F*)%'('5%'(
D/,,(@%,/.%'*(%0(<,'+%9&"#$%&'(5G$*+7$*&'+%,(/#%4*+('5%'(+*&"+.7("F7*+@%'/"07(%'(7<HH/&/*0',G(
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