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Space, Missile Defense System, and
Hypersonic Weapons

Yisuo Tzeng
Assistant Research Fellow
Abstract

The emergence of hypersonic missiles and their high speed plus low
altitude and nimble operation present existing missile defense systems with a
difficult challenge and beg the questions: “Will the nuclear deterrence posture
be undermined?” and “How has the emergence of hypersonic weapons
changed the role of space satellites in missile defense?”

With regard to the threat of hypersonic missiles, some believe it is being
deliberately exaggerated to gain funding for related military research and
development programs. Apart from the substantial pressure put on overall
space defense and the missile defense system by hypersonic weapons, due to
technical limitations in terms of payload, stealth technology and heat resistant
materials, in the short term it is hard to see them generally carrying nuclear
weapons and shaking the nuclear deterrent posture.

Also, hypersonic weapons may further single out the significant role of
satellites in the missile defense system. In a missile defense system, satellites
can detect, identify and track high speed, low altitude powered glide weapons

and can even jam, paralyze and attack them close up.

Keywords: satellite detection and tracking, ballistic missile defense,

hypersonic weapons, nuclear deterrence
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Threats to the Global Navigation Satellite
System and the Response
Chen-Yi Tu
Assistant Research Fellow
Abstract

The Global Navigation Satellite System (GNSS) is a satellite system
that covers the world and provides instant and high precision Position,
Navigation and Timing (PNT) services to locations around the world
through communications technology. The widely-use system is Global
Positioning System from U.S.. Due to the high GPS dependence by both
military and civilians, and fact that many critical infrastructures utilize
these GPS related services, GPS has become a “single point failure” which
would have profound impact when the service disrupts. With prevalence of
GPS jamming, and only a few countries possessing the capability to
establish indigenous GNSS as backup, risk mitigation should be in place
along with formulating a continuous operation plan for PNT service in
advance. This paper will discuss the threat to GNSS, including jamming,
spoofing and systematic attack, by demonstrating the threat trends from
recent case studies. The final part of this paper includes the risk
management framework for PNT service providers and users, together with

the current solution of alternative GPS.

Keywords: Global Navigation Satellite System, Position-Navigation-

Timing, GPS jamming, GPS spoofing, Alternative GPS

22



PR ZHRIFEERAFE—
ﬁf\r?\tfﬁlJ kil ru‘%lv\J

=

Bl RE 2FT g

L4 =

F oW P
2021 & 3 P ERBFPEPHBA I HKELEFEE > - &
Skt RELARE T B B F X G R 2020 £
12 7 g beng SR AR R TR S- K, o 3IF R B
T o PR TR AR R AT

A B (THETEAEE ) A3 2020 #£F BB T LR

M) 02014 & TR A EPEEREAE 1 2 2019
B RIE O Lob s 1 NS S RRRG B R

PR EH ) 2208 T 9L | | ARFELRER 337208 GF%paR) 202
1#3%28¢p > https://tw.appledally.com/property/20210328/IV633Q4WCJGX5ELLIQKEOUPV6
E/ -

23



PR APt TRz, - TRFA B, A F
Rt BBAT T2 awh 307, 24 FRA7IEE A4
A Bl P AR

PRET T EITEES T TR, AFIFE p 1999 # g o

2007 E:i&r = foiehk e ppEdy > et Rl § g @«1@@%@ i P

Fh A H DA BB 31T R 5 236 2% A AR RS TE BT A
BERNEE - R ¥ I 1

SRS T AR 2B RN 2 R
GRS E A T B e s R F RS REGR ) L THERY
X2 A¥EMESE P T TEALIE | prH 2006 E A H
i (RS S fomrd BRI E (2006-2020) ) L= B E
SR et LS 3 S Tl § Y AN SRR
B i uRY L ¥18A A HERAFFT AN dad > 530

2015 2 10 " spF chvd B (R FA* 2 A# %P EH5FE L
11(2015-2025 #)) #E1 g TLt=z7 g2 TLe 7 | gz H 45c

He

Room i kAR R T A

£

'

2R BFHPERL 1999 # 10 % 14 p TFR- 501 & ; CBERS-1+2003 & 10 * 21 p TR
- 5,02 & ; (CBERS-2A)~2007 # 9 * 19 " Fih- % 02B % ;, (CBERS-2B)p - (* A PR/ A
Y TR FRELTAHAR LY ) P EL AL foR Y L g ¢ sk 2007 & 12 7
3 P - http://www.gov.cn/gzdt/2007-12/03/content_823452.html ; ( Tk - ¥ 02C L ) ¢ #F4
AEfeRp ARF RN 2013 & 10 10 p > http://www.mnr.gov.cn/zt/kj/kjfz/wxyy/201310/t2013
1010_2369605.html -

BB R AR A G E 2202 & (nadir) B 0 WRPISAD S PR 24T R 2 2000 £
Ra S REEFEERPG S TR Tf—l.'rﬁﬂiﬁfr‘ﬂ L F s (T BT - S8 T R
&) bl4-# B DigitalGlobe = 7 ¢ Quickbird 2> k#8127 B 347 & fiTh 7 iE 61 o
A FREEG (FI VAR B TAE2d VAR T k) T BEITR 2 244
% iR EER A 2.88 2% > A (EROS and Quickbird) » Bz ¢ & < & X 3 2 FpY w2
021 # 4 * 11 p R - https://www.csrsr.ncu.edu.tw/rsrs/satellite/EROSandQuickbird.php -

PP 2R TP EA AR ER A EF RS L2 BT ERAIBE > DR
52016 &% 2020& ;w7 i MY ELAEeRRAEHAALEFES L BT ER

DIwE 0 FwPHE L 2021 &1 2025 & -
24



2~FA;zJﬂ@ﬂ’%ﬁﬁm~ﬁﬂ%%‘%%iiik
B AR HEREH HITTRE R TP EF RS
B R RIR 4

3 Ttw 7 | PHRIERALEL  ZEMEDRELE N
B PR REAEMAIT S RET R IBET . ARFEE
Wb Nt F e T AR ETARA S > FFE A
Lz EAE GE ARG T RO e R (£ 1)

2010 # A >} X 2 RTRIA R EAFFE &
BEF 05 2% > mgE s AH D
( Synthetic Aperture Radar, SAR) %47 & | & 7|
2015 & ¢ RWsEF (B fR47 R H BB L A E &
RArGEyEE) > EBLRT

IsF R A2 B AT I kFiER 05 28 > Fdkgn
1or > RPN FLEP G FEr TR

2~ e TR A AR Byt o
R AN S

—\

Jd
8 =
e
%
.
4=
o
~=y
Y
—
N

l\\

S
[hai
=
]

|
T
e
o
e

Sl e RA ZEAA W RNk b (B S BRI ) & TE
‘—”J%“X’T’"Tﬂf%’r—g—ﬂmﬁ BRIRE LY LR kT o TP S A A T A
] F—F‘\E#‘J ﬂaﬁ]%ﬁ{jﬁiﬁ;%iﬁ?ﬁi\lﬁjﬁ;rg\‘g}J }‘F’HA%%F‘-*]E "Z!‘/ig’
?‘JJ wE’m’ﬁ'*’*I PRERF IR AR £ E TR ’i"’ LY MEFL T
- RE-E R A ‘“BmJ :TWP\*@?]%’*%F#%{P&% EBT o iR i
é@,éﬁfﬁér%*Jf“rﬁéﬂfJ%‘, LR E AT o
25



EUB R R - i,

AL B R AT AL

BHRERE o FRRFEEERAG LG R R (£2)
217 RS 25 RETH MR
Al AEEIT) | FEBE TN
o , , . ea o ] , PRI SR N - BESPE I WA ¥
(¢ &= ‘%%’fr@#?b:& ) FE 3t 2025 & % FRIA A m,_g'_/q‘t ﬁ*/ WX
FL PP LM G
N . 152l e (public-private- partnershlp,
(L 7 372 R3) T 2021 & | RRgF ek PPP) 11 it A S
3E o
R R AT AAR % (AT
i) P RE 2o
. . %J@ﬁn@;ﬁnj—k AL R
Lo 7 &340 2035 #i& P ; -
e " *ﬂi;j;>> F 2021/03 R RSN IR
s #ﬂjﬂﬁ EE 4. fj-?fiiﬂﬁ-_kii v A
1 4l T AR
Lo
; ‘ < 7 (%9%5%&%@?#—'
% Gk iR Hodp E TR AT , .
},,i” FLGEEAE RS 2019/05 B R B ATk ) A R
- IR T
@Fﬁﬁil 224, = FAGE =SS BN
(W E B g povse |MIATSMLL R
4 B et ) 2019/05 P Faln gk
3 B 2% B SR
E O I IR . £
£ o . ar ?}:Aﬁiﬁ“’ﬁt‘/‘lli }’E\:%L—&
52> i B 73 s H 1 _u‘ﬁ 3 , g i
FREEDL Eﬂ‘ﬁﬁ\"’b\'ﬁ“\fﬁr&?
feEk TR LT o
; , —L;Tﬂpﬁ*;\*f);i%;;glj\i
(AT S/ AAR S £ | |
EETRCE R4 NI ¥ % & HogE
#)5 E 24](2015-2015 #)) 2017/02 L ‘“ % e
<<]aﬁg+’\4\t dtg e - A - B 73¥ sh oL oo e da JomaT -
T4 ik g m%‘p 2016/10 LN ;;;; T’@Z] AT R 2.
é??i.\ﬂ» 1A ~
1 % 2R~
(BB plara 29 #]E'i < & § R TN ST 1
(2016-2020 #)) 2016/08 ;f Hi{i o s .
AR AW Faez A
(Rl & BR B L) 2016/07 Rtk | B A8 L T L0 R
gk 7 RaE o
R EREE Y
5 85 % 44 ,
é;&]iﬁ* REE R oy 2016/05 E3p2aes BlT o A r34]% X 3
2G4 o

26




EEARFRES (F27
LA HE) & (7 WU
2025) e g o RE L <
g Rt~ A
(Mg sl 2 ot f ey | PR RS B W R
gl ) 2016/05 | MRS L) 0T S aw kB - Magar
AL B~ Lk dng a4 o2
KT FFrAs s 5
MRS R W
ﬂ*i*é#£%¢a°
TARFFEFTAELL
L %&J R ¥
(=7 Rywe) 2016/03 RpgFscd | R -8B 23# L F
%;(‘7‘—“? NIETET S LRCIRRNE & |
FhEpRFERY o
(B gt AR 23R R .
@%%%ii)f f 2016/03 sein b fod F A E R R e
B 73 7% L ENI AR
CBIFA T 2 B A & 2015/10 L ffia%iézif%%
94 B 42.$1(2015-2025 &)) FoRpE | 2 -7
.1/%1 ’fﬁr..q_/b
(% f347 R #4650 E = BB 21T R R B
LGk E S By p g LAy 2015/08 E3pzaEs B s D B
7 7% ) Fiest e
o E R %
(BABaEFhdRr P EE 2015/08 PRt~ B | EiERHE AR A FESY 50 2
7 PR ) FRarih | A SAR AT FE 1 2
WP I AEETRIAR T ERY 2LE R o

PR kR EREFRER Y RECE S AR SR RT R SRS SR TR

£2-7 Miksx g ¥

RE & ¥
+H - mHE > s R BP AR
S SR e e g
s ek B R 2016
Sk L1 i
SN SRR B ’;E T R R 2 Y| 2017
B f
|’ /= R P
FE2afe, wEAY 2017
#i#i—f); i Af‘i‘_‘
i3
: I xar F % 45 L L ope X iE
WL B MfrlAe ) LB YE 2018
, P RE S e e
AR ﬁijiﬁ:]'ﬁ] )\—‘Qﬁ’ﬁ EPN F3e, & 5'135?‘ RE Rk 1998
6@]§$\“J\"§%ﬁﬁ§ Fe s et g ) s
=5 Gy g B H AR 1967*
i A £ ks EENEE 2014

27




B ER

A EFE (PHRFAFEFTF YY)
2P L EE s ®EE D S
Ef%ﬂ Fx I S 5*]@? kY %%F B 2015
?%EF’“’ Fge ) s vsnfﬂ@l 2015
B v A T ) pAERVEEY 2016
%k g s EF C p3F | k7| sl 20k 2017
oL T 2 2000
1 * pck TERGL ) kPl aE R L 2015
A TRy 2 2014
Mg, ~ Tk ko9 ski
xR R Fh Wi B o Task ) kolERliwEs 2015
Tz ¥ AL AFE
P s 4P | k7| fFh 2016
+RiFE R Tk kB RIFER 2017
FPEZ R &, K ERIFR 2017
WP DAL BRFRAAR T BT 2 3E R 0 *1965 E Td ¢ R E - BRI EXNE AFT R F

BAER e
TAH KRR R EILp L P e

>~ WEPHT o

1960 # % > Z e s ? Wpteirh: TR - 5L, s
e d wam & TiEh g pl 3% 0 1967 &3t vka ¥
BELZFT B e saBfoit 2R 7 B
( Telemetry, Tracking and Command/Control , TT&C) P
ek 2 Bk 3 Mo TRy RIEHESY BE - R 2Ry

Beoo PLis P B GTHE S RIFRabEL > A5 0 P W epE L RlEREE A
BIEAy s 7P BIE R MR e S RRET S (£ 3) o Sgut
IEP ~ 2R (7 A7 R

TE) ST B HE A BFEEFRY v (Lw T #E R3] 2035

6 “China advances maritime space monitoring and control capability,” PRC Ministry of Nationa
1 Defense, June 23, 2017, http://eng.mod.gov.cn/news/2017-06/23/content 4783536.htm ; { #* &
A RIS Bl ? )0 2008 £ 9 0 17 p > ¢ B A fus 3 A2 F 2 5 http/www.cmse.go
v.cn/kpjy/htzs/bktl/200809/t20080917 37372.html ; & B (¢ B p ok RER AL
G- BEVAEEE ) (iBE) > 2017 £ 4 7 29 p > hitps://www.thepaper.cn/newsDetail _forwar
d 1667459 ; 248 (& %% d 1 & X PP )0 2007 2 17 8 p »(%a ATH ) http
s://web.archive.org/web/20120622055843/http://shaanxi.cnwest.com/content/2007-01/08/content 39
6633.htm o

28




ERFPEHE) 2021 30 o §T
AT BT Rl o

f ’7}}&1“:‘ INNY ',“Z,_";Lt

d SRR A R LR T P R N E W g

B oA E S b A g 2 B BB Bl B2 SRR
gt BT Ers MR R (Tarawa) 9K A R EF ¥ £ B { A7

Bov o RETE AT ERBATHEE 4 AR

B ML F e R L X %7

5 ] A_\W Kﬁ‘l ﬁlE' H+T
( Swedish Space

Corporation) = # 2 22¢ = 4% > 2021 #° WiFsr a2 & * =
3 d B g 4o (Dongara) ez s £ 4c (Yatharagga ) niEkh = 18 ﬁ*]
T
%3¢ WFELAET
ENGEEY | 2
PR FE SRk SR
Al 4 ‘39.962253, 116.385927
MR AR B Ed R
A 53N ‘40.071983, 116.256847
T EERIEY ¢ (5268%VRAY )

£ Hxk 43.725332, 125.540836

75 Rl 36.194830, 120.302880

BRI 22.888060, 108.304440

B KRk 18.439798, 109.874072

A BrEk < Aldpdr s g Eek(Blsk)  146.528092, 130.755276

A om Pl 34.467904, 109.544941

T E Rl 25.638159, 103.715123

b R P f e 34.503420, 109.416442

- ek 34.482661, 109.487657

A3 SRS 37.164167, 79.871307

ok (A v&) 42.039565, 111.534044

X EhE P CFERER
TER (P RBEAFLTE LE 2 5T B gFod o BREAAFEFLFHTE ) (BF
)+ 2021 # 4 * 8 p > https://cn.reuters.com/article/china-xiangshan-space-center-0408-idCNKB
S2BVOML -

8 Jonathan Barrett, “Exclusive: China to lose access to Australian space tracking station,” Reute
rs, September 21, 2020, https://www.reuters.com/article/china-space-australia-exclusive/exclusive-
china-to-lose-access-to-australian-space-tracking-station-idINKCN26COHB.

29



i A2k

46.493403, 130.770409

R

38.423420, 76.712207

FP42ep g 4 =k (Neuquén, Argentina)

-38.191439, -70.149627

P G E Y s (52085 RA Y )

LR A

40.983507, 100.206390

B ¥ RS

40.536242, 101.022394

'\;E;j"?lﬁti/ﬁ #h

40.722291, 99.992276

RR P Al g

41.641194, 86.236749

X Rrh E Y o (525 %VRAS )

38.848333, 111.610278

i P 2 2 38.808858, 111.611199

A R 36.672862, 121.235374

[ 38.016892, 112.636536

BRI B E T T 38.494519, 106.277348

B R E* 38.507539, 110.920224

7 oh R E Y (F2TH&RVRAY )

Ooh FE WY s 28.245963, 102.028178

4 ER L ELP EE 28.196568, 102.069191

ﬁz?]“&»* 27.911767, 102.209881
%R 28.743607, 104.611790

v bg ER S EIGED N 28.775649, 104.634663

¥ 15 LR “J» 26.409398, 106.670273

v G gk P S

v AL B S 19.652510, 110.938741

4 B RIS BE 19.639694, 111.029314

R Z R F VG IR 16.451586, 111.713916

PRAERT X ELAFTET R
ERE 39.504344, 75.930372
B E 40.451465, 116.858186
L 2R

A B 39.947675, 116.320940

AR F Rk g 40.050972, 116.276899

BRAE %@k ot 23.164589, 113.338715

BRAF % E o xb(8 ) 23.243476, 113.411842

PR REE AR P
kb ‘18.490251, 109.931629
ek gk
[GRSEEN n 5 + (Neuquen) -38.192607, -70.148405

P ST EE R a0
(Alcéantara Launch Center)

-2.334606, -44.419621

be £ = 7] 4 5. (Inuvik) 68.319464, -133.552426
41 T 7 # xk(Santiago Station) -33.150239, -70.667962
gl PR b T i X2 5 (9.108695, 38.807249

30




(Entoto Observatory, Addis
Ababa)
EREY L LIRE 5.222222, -52.773611
(Kourou, French Guiana)
4 & #7(Toulouse) Issus- 43.428655, 1.497401
Aussaguel zt
i W § (Kerguelen)  -49.351939, 70.256424
R 3R hELR 67.018341, -50.708817
(Kangerlussuaq) *
% 5 (Nuuk) * 64.182770, -51.733997
2 =¥ BER R (Tarawa) — z % 7 4 [1.356354, 172.932916
T
¥ 17 5 kb (Malindi) -2.996044, 40.194204
oAt I BrI #2 % 46 (Swakopmund) -22.574645, 14.548539
PR Tl i NP 78.9232, 11.9345
LA R o R 78.230302, 15.395534
(Svalbard Satellite Station)
A ¥k 2 # (Karachi, Dehmandro) [25.193106, 67.099325
& 3L B Briajk B B 27.7633, -15.6342
(Maspalomas Station)
B 2b B 2EX 2 Lok -25.890095, 27.685227
(Hartebeesthoek station)
T & A & 4 (Kiruna) 67.881219, 21.061046
¢ B3 &L 4 ¥ & :kChinese Scientific Stations in Antarctica
£ Bk -62.216838, -58.961855
b b -80.41734, 77.116449
3 iz -73.85, 76.966667
¢k -69.373587, 76.37165

PR R R PR (%233 EH R

28 ) China Satellite

Maritime Tracking and Control Department (Base 23)

ILFRILIE D B3R

31.942827, 120.288723

BRI R RE A RY

- {:,j&u

P h
= 48— 50245 1.75,170.88
= 48— 503 % -0.80,20.27
= 48— 5045 -0.12,176.90
= 48- 501% 1.20,79.73
Pl DAL B MBIy o e

FALKR R OB F o b R sINA 5 p Peter Wood, Alex Stone &
Taylor A. Lee, China’s Ground Segment: Building the Pillars of a Great Space Power, CASI
of Air University, March 1, 2021, pp.79-81,
https://www.airuniversity.af.edu/CASI/Display/Article/2517757/chinas-ground-segment-
building-the-pillars-of-a-great-space-power/. -

31


https://www.airuniversity.af.edu/CASI/Display/Article/2517757/chinas-ground-segment-building-the-pillars-of-a-great-space-power/
https://www.airuniversity.af.edu/CASI/Display/Article/2517757/chinas-ground-segment-building-the-pillars-of-a-great-space-power/

=~ ‘;"«Jﬁu "B A, BRI
-~ ﬁl ,:‘131"

PR-TE TER, KA EHT A iFEE o midEZ & P s
THF M o2019 & 120 20 p st T FR- 5L 04A & | &
BRIEAPTRE L - Renb A 3 2 0% » HFFIE60 &2 5 T
0 22 - arramsfd "TFh-5 2B, k215> ¢ BE 4
PARERTRERFE - * W2011 2550 pAimg ol Fik
- 5.02C, ik > & TFR-5.02B ) 4p % > e EE FlHLjwp
A Hhp e

2012 # ¢ RFEHT ¥ -3 FiEITRARLEwRE T FRZ 5
01, » 37 B% - a7 2 M & e * FRIGHFE > Rl "1:5
v R AR T BE B AT R 21 2% o B (T v
Hfrit R 5 35 2% 22016 & T FiR= 5 02 fFh B bl
FAES T RR 4P 25 22 22020 # 7 » 15 p

r:s
= ‘@F‘
—_\\

b @ ;S

S AT RZBFELFGRTA ) ¢ BARBIHEG L2 52021 £ 40 11 p B > hitp//www.zj-v
iew.com/ZY3 ; “ZY-3A,” eoPortal Directory-European Space Agency, reviewed April 11, 202
1, https://earth.esa.int/web/eoportal/satellite-missions/v-w-x-y-z/zy-3a; Xinming Tang et al., “The

China ZY3-03 Mission: Surveying and Mapping Technology for High-Resolution Remote Se
nsing Satellites,” Geoscience and Remote Sensing Magazine, IEEE, Volume 8, Issue 3, Septe
mber 2020, https://ieeexplore.ieee.org/abstract/document/9044293/authors#authors °

32



BB RL kY rE- - & Mg & =35 E (SAR)

P ER ARG P TR P PRI o g RS Y R A
CHEE SAR iF: > fAtT A B F v 1 2

r"'gAV\‘E%){J ;“;‘*El S-S

Bk Bohp B 5 5 F o 3RBG o 2 fRiTA 5 50 2 52020
Egstp T st =% Pl % -2 GEO L ¥ ik

B4 15 PIFIH E S
WA~ FE

-3

B o

W # b g (GEO) %8 ik

o

L F AR hiEiEa K B X
Bfes PRI E: T4~ ~ & T3 4-
KSR AT

2018 # 3 7 31 Bigsterz et TR A-802% , T

B A
-5 03 %~ T34 -504 %, e 7P J{E- BT F R
AXFHEE LR F i 200 PR 2 2 2R BT RY

T2 M EE RV 22013 £ e T3

b — o | i .& é\'
B »-*f)‘?‘]‘".'_i 1% >3

REFHI 11X D0
2020 # 7 * 3 pEFHn TR s S FERLSEBR A LG

iR R AR R EERIEE i LB 8B RHHE
fA47T R B 50 2 o 1

2T EEL

B R in7 Rk

4 v % e > SAR R4 (7 iE

0 (FA-3502:03-04 2w F#BG) ¢ EL A EfrAABRAT FAER Y 2L R

¢ > 2018 & 4 % 11 p - http://www.sasac.gov.cn/n2588025/n2588124/c8841167/content.html -

LWBE (A SHWER@LFLA) (% x%)>2020 # 10 * 12 p - http://ip.people.com.c
n/BIG5/n1/2020/1012/c136655-31888246.html °

12 (¢ W& 2Hei4R2 2021) p AT 9702020 & 11 7 13 p » F 38 hitp:/www.nids.

mod.go.jp/publication/chinareport/chinese_index.html -

33



\m

B o P B FRIFEIRRE T AR T
BB AT R E 30 oaok®E s A EREEPILE S
FS o N FLEET RS EERTREREY TE S P A
FP LA s P R PHEBRI TR BLHFEEREFFL 5w
847 AT RZAFEFMH2Z T FHE - X 25 K fEiT R ¢
M2 »47E 3 AR THFR=9501 &, FF112
2020 & 20k v = 4pdET 8 e WABRE R BF R RERF AP
FH - HRK

% SAR fFA A > #2016 EF s T F A8 » A R

R
|

B

e Tia %i— 85,2020 # 12 % 22 p & S #Fs £ Ky 25
EH R DI FZ REY SAR R ap L P o M s -
B o0 BRBMRAEGLISY 5P ME-fE Y SAR FhE > 2 4
At odeiR® CREDOSART * fFh > # BT > 2450 Tig=
PR, o BT EANE Y PRF P
Pl BB e 1R £V R R H B E B 456 fo) 3] SAR fiFk o
LTRPALHAEARAIEY CAEFALABALAKRTIFLE
L H%2 2018 # 7 R RTR 16 o ¢ auf Rl B iz FR=
PECFR A 2 203 RF8 2 HKdpp b5
1k /4 2emMAeFREr s a2 2 A% 45
25 22T RE &&%ﬁﬁﬁ%%ﬁ@ﬁ@
PR PAREFF EFE TR, T3k, TR,

By (2 AE | Fhz503 0880z A —Flfw s (FrEER) 2020 # 7 % 25 p o http://w
ww.xinhuanet. com/tech/2020—07/25/c_l 126284631.htm °

YWHTA RF% SARF £27 55 ICEYE 27 (184 Xk > R 1) pFo f3i7 & 1
& ® X254 ) ek W Capella 2 & (36 Xk 0 &8 1] PF 5 f2347 & 50 2 4 X50 =
Ao BB Rl SAR A S & 0 2007 E 46 B TerraSAR-X ~ % + ] COSMO-SkyMed % 4c £
¢ Radarsat-2 % SAR firk e B 7 0 fRAT R FRE I 1 2 ° o COSMO-SkyMed % = £+ % #-3%
%x o

5 (¢ R “aR” 1IEMERE BAFLEEC TR ) (FTAe)> 2018 6 7 11 p 0 htt
ps://bit.ly/32uL5SEw o

34



A5 %

%‘E}%J F 8 5']%; ,:“3@

24~ % & 47Kk

SR

TN fR4T R F R -

3 NORAD | SR st
GAOFEN 12-02 48079 2021-026A 2021/03/20
GAOFEN 14 47231 2020-092A 2020/12/06
GAOFEN 13 46610 2020-071A 2020/10/11
GAOFEN 11-02 46396 2020-064A 2020/09/07
GAOFEN 9-04 46025 2020-054A 2020/08/06
GAOFEN
DUOMO 45856 2020-042A 2020/07/03
(GFDM)

GAOFEN 9-03 45794 2020-039A 2020/06/17
GAOFEN 9-02 45625 2020-034B 2020/05/31
GAOFEN 7 44703 2019-072A 2019/11/03
GAOFEN 10 44622 2019-066A 2019/10/04
GAOFEN 11 43585 2018-063A 2018/07/31
GAOFEN 6 43484 2018-048A 2018/06/02
GAOFEN 5 43461 2018-043A 2018/05/08
GAOFEN 1-04 43262 2018-031D 2018/03/31
GAOFEN 1-03 43260 2018-031B 2018/03/31
GAOFEN 1-02 43259 2018-031A 2018/03/31
GAOFEN 3 41727 2016-049A 2016/08/09
GAOFEN 4 41194 2015-083A 2015/12/28
GAOFEN 9 40894 2015-047A 2015/09/14
GAOFEN 8 40701 2015-030A 2015/06/26
GAOFEN 2 40118 2014-049A 2014/08/19
GAOFEN 1 39150 2013-018A 2013/04/26

TR kR f’vﬁfg@_g SEFW

35




~ B

HrRkE > TFR, A AER2 R aE @Y £ 0 iFk =
Wplg rfs pitt-a TF A ) (PR aXEHR o il
TR HERNRL T e o ¢ RMAXSTRPIFL O E5EHAE
hoac 4 P L E R 2000 £ AR S B EER TN AERS 5
FITIL P A SAR FE RBIRI B 4o e T F A KR
R A gﬁoﬂ@ﬁ%@ﬁﬁ&1£%6%%
W R E NG E R AlHE B JIELEHE o

|~ o
~

ﬁ»

W

) ) fg_g\—,ﬂ A g

R L SN Y SRS e
53 ¢ B SAR fFh F AKX B0F 5 B L ARE > 1 E
BoF#4 SAR @k W RP w1k 300 % ;aéﬂf
E RS VI I & e éé%ﬁ%%ﬁ#%ﬁ’é%&*HF%

@%&kﬁ*’fﬁﬁﬁﬁ*%ﬁﬁﬂ*iﬁ? 7 E AT R
AR EARBEIARBEHEP T 2L BE
BRL B TR EL =l G BT o %~ Tidpi, » g3
EP R R TEAIH TR A F I SRA R S iritie T
Bia g o 4ofl* T3 &R ) (Radar Shadow) o ff %3 SH# & 5
o iEF SAR Wi U RFEMFLETEITREFL IR B
10 AKRBEARTETRE 3 LAR- ~E£8o

gtk o AR RAFE LAY R 3k i (GEO) £ F iFk
ZHFRE O GHFERHARNEFT R TR RO R o Y Bt
"F 4 o~ %3 4EL | (Anti-Access/Area Denial » A2/AD) £ 7 v
P % e 5 (E % o SR B GEO % 5 fiFk &3t #u - B 4248 36,000
2o REE S HEATEEORA BB 5y TS L FERE
mAEPF A R EAKY B- L ””’E/]L@ﬂi%] ~GEO &%
$ T TR BRI L 2B E R g

A TE NG GRNRFS FRGE 2 ML RS MERZ AR L 2P
AR & 2T IR AR o

36



A Preliminary Study of The Development of
China’s Space Telemetry Satellites

—from the “Ziyuan” to the “Gaofen” Series
Oddis J. Tsai

Policy Analyst

Abstract

In recent years, China has implemented the “Military-Civil Fusion”
Strategy to develop high-resolution satellite imagery capabilities because
of its ambition to build up global all-weather reconnaissance. This paper
aims to analyze China’s telemetry capacities through discussing the
“Ziyuan”( ¥ /7 ) and “Gaofen”( # 4 ) series of satellites and newly

launched commercial satellites.

This article consists of three sections. The first focuses on the
evolution of the “Ziyuan” and “Gaofen” series and the policies for
developing civil telemetry satellites since 2015. The second intends to
create an inventory of satellite measurement and control platforms of the
Peoples’ Liberation Army. The third examines the “Ziyuan” and “Gaofen”
series of satellites and the self-sufficiency of China's satellite imagery. This

article then concludes by addressing the security implications to Taiwan.

Despite their importance, telemetry satellites involved in ocean and
weather observation, as well as the covert PLA reconnaissance
constellation “Jiangbin”(% &), “Yaogan”(i% g ) and “Shiyan”(:#5% ), are

outside the scope of this paper.

Keywords: China, satellite, telemetry
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Satellite and Remote Sensing Technology in
Transboundary Water Governance: the
Case of the Mekong Dam Monitor

Linda Liu

Policy Analyst
Abstract

In September 2020, the US State Department, together with five
ASEAN countries, namely, Thailand, Vietnam, Myanmar, Cambodia, and
Laos, launched the "Mekong-US Partnership" to continue and expand the
"Lower Mekong Initiative" (LMI) that was implemented from 2009 to
2020. The Partnership is intended to enhance water and natural resources
management in the Mekong River Basin, promoting regional economic
development and social security, thereby consolidating the power of the
United States in Indochina and the Indo-Pacific region. This is mainly a
response to the fact that China has built multiple dams and hydroelectric
power plants on the Lancang River on the upper Mekong in recent years,
which has greatly changed the ecology of the river, causing water resource
disparity in the region.

China’s unwillingness to share transparent water management
information has not only impacted agricultural and aquacultural industries
downstream, but increased drought and flooding risks for the riverine
communities. Thus, the first priority for the US and member states in the
Mekong-US Partnership is to improve the use of water resources in the
Mekong River Basin. On December 15, 2020, the "Mekong Dam Monitor"
project was thus launched; through the application of satellite images,
remote sensing technology and Geographic Information System (GIS), the
project will serve as a powerful tool to disclose the hydrological
information of the entire basin.

The article examines the case of the "Mekong Dam Monitor" project
and the effectiveness of satellite and remote sensing technology in the
governance of transboundary river basins, as well as the benefits they can
contribute to regional geopolitics and power balance.

Keywords: Mekong Dam Monitor, Satellite Image, Open Data,

Geographic Information System (GIS)
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