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Remote sensing publication trends from 14 countries ( 1st authors) with more than 2000 SCI publications from 1972 to 2021



2452

National Remote Sensing Bulletin

@A S 2023,27011)

311 EXHEEBKEARFEZELZXER

SR LA, BRI R R RN 2 S5
KB (1972 4F—1997 4F ) | PR HE K (1998 4F—
2007 4F) . ARG K (2008 4E—2015 4F) FIE I
(2016 4E—2021 4F) ZFBrBr, JoHJE B 1998 4F i
SER VR SR R SO T R BUPGE R L i
Ky, w1 fras. 1962 F—20124F, 4Bk
FRUL 1% [ 5% SCI 3L 69666 4, 2013 4F-—
2021 AE 4R B L C 100131 5. I (55 —1F
F) Ik F N IE A 5 SCI L [ 1998 4F 1 1 Yk
i S0 Z R BRI KIS, 20144, HE (BF—
YE&) 418 K F18 BAH 6 SCT U2 2048 7, MK
L EE E—1EH) R 1454 R RE 2R —,
WG —TA5E, B A BRIE AT AR & 3% SCTiE

heatbland

ecobre  electromagdBticmethods ..,
ratals S.'rneas‘m:m P4 phgw.mme”y
ecology SEPPD 2IgoWMS i 8e sggentation
wavelet ggansform v
spatial@nalysis O\ foure’ P2 ‘3gnmnn
ncewaltny.

& gimagereddnstiuction
tomogrgphy.

* optinggatio s
1
2 *" magneto;

ST thagnewsphere
Uraiolet”®

spegror
TS Caiame A @ S T Halsiigace
i’ pollution. N ‘m

g ?,w""iﬁmvlng
ot multigpectral ‘t’ 7 e
) s v o
? AUV
5

ol Bic el o
e

e o

: multipleeattering
Ll G N aerosol optical depth
fa B Pt
" sedimentiransport | signal o i3
biomassburning resegyocs. [ e Y@LRR e ozone depletion
borealforest & rkgy
. s ocgan fourier transform infrared spe
glacler o) gt - *fluoreseence
orrelatigp area
spegtra oceanioptics
physicaligeodesy plume rise
lake ladoga
bsorptior
B

(a) 19724F—1997 4F ISP IR £ T 3 UCHY 251 41 )
(a) Top 251 key words with cooccurrence more than 3 times
in 1972—1997

defor@tation

o red
fragreptation

© e,

distutbance
iigation | lan e
gt m.n"""p""”s‘ o wategshed
Fe -
s

desertification

light use@fficiency

eeeee

7
®Sitightry ) oilspill
sue @
= @8 oidpery
interfefometry
ship detection

(¢) 2008 4F—2015 4 (I BIL B £ T 50 19 263 117 )
(¢) Top 263 key words with cooccurrence more than 50 times

in 2008—2015
&2

TR BRZMER, 20214F, PE O (E—1EH)
AP JE e 318 A G SCT 3L 7 8063 Fi i 23K AR
JE 1 SR A 56 SCISC 25 19121 K519 42.17% ., Hith % ¢
WEMER EEAMEE . B, B,

SRR RN

SRRV, B Bk 44 K SCEaE AR R By
BE Ao S AT IR RN R I, 223803 A 2 SR
FERT T AL S R Tt

(1) 1972—1997 . 19724F—19974F, &
CHEGEM R AR AR, THIFESRL KR
BB o 3 I T 9 SC 3 P HRUVE 25 DG B ) 3141 4>,
PRI 2 F 3k 251 Ml T 32, 145 164
e, K2 (a) B,

3.1.2

clasSifier ®1 1yl (7 spsekle
lysering texgure . o
leahing, segm@tation \
epidemiologic . [Py .~ e
imagdiision : )
4 .
habtatspatlanaisis 5 i lectromagnetie igducton emi
an; ’(e( (el °
P hd genetic @lgoritfim  4ete€tion

fragmgTaiony = |k.Has incipal gm.ner.n avn\lysis

® . olatiinetry
o inverse seattering
et ©

electromagatic methods

integral equations

bredmatorfesertlication
~ calibrati Fband
2 radio
tteromet
L ‘e“f O radiomence
. primaryprod ture E{U‘V“V Pe L Sturbulence:
2 €arth tation ¢ cheet rain

o doris
stratosphere L\ vibi
N7
mars raiafall iy
brimary fifoduction “wogean
chiorophylifliorescence ice
Jasog,

phytoplanki8n sst
o 4

(b) 1998 4F—2007 4F (LUK 2 F 20 KA 261 1~1A])
(b) Top 261 key words with cooccurrence more than 20 times

in 1998—2007

beidoug

windapeed
wopicieycnestracio @IS 5 TonoBhere

oCtiorhascmic wethods

azimuth

scattpring

t " ‘ship depectic
e o 2o f i daection

212 emporal @ iniage recqnsuruc

& semantics”
apation -

segnantic s@gmentation

building extraction

(d) 2016 4F—202 1 4F (EHOE B Z T 100 UK 295 A1)
(d) Top 251 key words with cooccurrence more than 100 times

in 2016—2021

1972 4E—202 1 4538 B & AT B B B I AU,

Fig.2 Research hotspots of the global remote sensing from 1972 to 2021



TR 45 - T SCRR T Y e B R R 2453

TEMCIGIE], 8 R FEAE T SAR, 404t
(infrared) . % (microwave) . LiDAR. i &5
(aerial) . ATZSHEFEHLIT2% (photogeology) “FHF5T ,
G} ,HF\ ?é * ﬁ[ﬁ ﬁ% '?L' (spectroscopy) . EE (optical
fiber) . A4 L T (radiative transfer) . 4 55554 I
i (radiometry) . Z B4} (multiple scattering) .
Efr (calibration) . X HT# (reflectance) . %2 1K
1% (magnetospheric imagery) . K% 7> & (image
segmentation) . R A1 56 (mixed pixel) A
(simulation) . 431 (fractals) 55 ; & JE& N FH 5
E A Landsat. SPOT 4% TR 4HE , JF B2 5 b
Moo, HHE L MR . LALL I — {1k B 48 4K
(NDVD) . R K. K3, A R A
G C AN TN = 2E I | & 1 B D VA e
R, TR SR R RN B, 2Ot
A BE M LIDAR 2% B Be YT HEA, 5 2Z A
S A HIL BRI 5 RN FHAIESE A 21 I A 32 ZEF T B
LATHINDVIAE R P | B AR E A 3 S0 7 i
IR B, HERRARFIA B 28 Al A T =2 S i
BBt .

(2) 1998 4E—2007 4. 1998 4-—2007 4F, iE
SR TR Y B, 3 3 ) 1 S SRR
YR SCHEIR 212334, BEBULELZ T 20 K19 261 4
WHATERIE, /B TME, WE2 (b) Fn.

W HATR], Ak R R BT e B 3 SAR . miolt
ik . LiDAR. £L4b. i AIMLEL (airborne) i &
LWEsY, LU DEM, AL A I (change
detection) . fHZM %% (neural network ) . 4HF 2 Bt
(feature extraction) . FXIEFNE (data fusion) . 4557
155 (radiation transfer) . FEREEE (electromagnetic
methods) . T (interferometry) . #U} (scattering) .
SE b AF OF5E B, ] Landsat, SPOT,
IKONOS LA K MODIS B gl P Ji 5 14 . R <
VIS MRBE . KA. TEVERREE . LULC, ZRAK. W
M UKINEEA DGR T o AT DL R B, FEbR g
BB, 1SN 2 OGS BOR 5 0 2 ) Gk
T SR R G T R SO ) K e, R IR R R W ST A
HEHREEE, SOGIEEEIT R B, MODIS FI
Z )1 T ETAPL, Landsat VLM LAI, NDVI&5iE
SR 7 AT R R TS

(3) 2008 4F—20154, 2008 4F—2015 4, i&
SRR AV B R B B, X 40 ) i) SO S 4 B
KR 513821, BEILHLZ T 50 Y 263 il ik

TR, B[R T, WE2 (c) Fim.

TEMCIE], A ek 2T SAR . =i .
LiDAR 2 18 BRFT#F $0 R, H R QT L L AL
#E (validation) . DEM. JC AHL (UAV). 3D, *f
B (accuracy) . ZZAL &I . H bR (target
detection) . 3 Ff [ £ Ml (SVM) . Hi &i & 1E
(sparse representation) . R ATRBENLY (markov
random field (mrf) ). FREFEHC, BHEALE . Sa
(point cloud) . ZEH A (evapotranspiration) . &7
1 (carbon cycle) . X [a] )2 5F 43 43 B % (BRDF)
SERFSY A, EEAHH] Landsat, MODIS T %4
TP RS, K. MeRFOE, WiH., L.
LULC. k. FRAK. Bodh . AW ZREE . KK
RFE WY B SEASCN . TR, TR
MR B BE, G R R R, O R
BT R, TR IR . LiDAR 2R 2 i
HIHTRESE, BrafE RS 2, T E RO E K
g S 35 RIS B, R R O B e
Landsat Fl MODIS f2 ) 527 18 BN HI A5 44
i, NDVIANLATSCA 3R BT S, ARAR A
W BER L (KRS 4, 2016).

(4) 20164F—2021 4F, 2016 4F-—2021 4F, i
JEHE AT B B, o B e R 4 B R A
HEWHES E AT ZAN S5, D EIR
e R Wi 3 A BRI 58 PR SR R S A AL o 3 3 1]
(i SCRE PR IOV OCBER] 1011394, BEICHE IR
HOH i 100 A 29040, R TR 153 6 %,
wmE2 (d) FiR.

TR AR, AakiE RO MR E, &
LT SAR, mOLHE . LiDARSFRIHTHOA, &
RORTER . 9. 2K . NDVIL LAI, DEM,
NT LML (artificial neural network) . IREE2%>]
(deep learning) . HFRRM (object/target detection) |
FROIEFREL . 18 X 41E] (semantic segmentation) | [
“  (dimensionality reduction) . ¥ Z L] (attention
mechanism) . 3D ZEF9E 81, £ EA{d H Landsat .
Sentinel . ALOS. WorldView %5 T 2 %% 45 UL &
MODIS %#i, JFRER TR, b 4. %
WAl WK Y. KR Pics . SRR RS
FROCH N ST . AT LAKRBE, eGP B, 18Ik
PHERBIIT AT R C B R RE T 20k Ek. Fi
B m OB & . LiDAR %, L) Landsat 1
MODIS #idih ERDL#ER (S5 . fFikiE



2454 National Remote Sensing Bulletin i & 524k 2023, 27(11)

(L) moEE GEE D . LIDAR (%
a5 O I b R S RS R A S
OGS AR DG BY SR O BRI AT T H R, Sentinel
TARJEGE IR RN H S BA 5Y LA 5
HAJE LULC, AR, KPR . 3. KA. Sk
A . NDVIL LAL, S BBy 58 ARk
FE R 25 ) ) 24 A b 3R 51 28 GEE  (Google
Earth Engine) AN FHIFUH B0, 765040 2% 4 B0k}
RN BT oV 6 I8 R 55 5 TH A 8 J
TR T 1 B A B AARRAE

3.1.3 & BkiE R s

1o B A AR 5 B B R A AR T, B
1962 4F—2021 4F 23K & SCHR i ) 1000 f 1 114
N U 1 AR, RIS RIS . AR
HRA L K. EE L BE R, Mk, 4
YIZREPE S IR KA . R IR,
UniE 3 s

I3 1962 4F—2021 4 4Rk A SCHUE i 1000 i FY i JE
FH U
Fig.3  1962—2021 the most global popular remote sensing

applications published more than 1000 papers

3.2 R (2016 F£—2021 4 ) ERRP AR AXTEE
S
321 EEIEEHARMSA

5 R 1B A A PR M, R Y A s A R
$52 T s ) 1 5 S [l J T AR BB i

Landsat Al MODIS S5 54l #2 it A JC b R 1 S A
R Bl A An] 52w M BR A BE 19 SR BORVE, B4
PR32 (Townshend, 2001; Garcia—Mora 45,
2012; Wulder %, 2019; Yan%%, 2021). fijEask
Ui, FEEERERLDT “HEARBIE, #i&
5, BUFEFEEIERIER, BOhE M
W22 5S8R EB . 3R %
BRI AT, 0T “Hid(E B A,
P LAt A A R HE ) Tz N
B (BB ER 25, 2019), fEEMEEE (B
) ORRMCEET, UG IR 18075 4~ Kt
i), PRI AL T 20 R 240 i), By
Mricias) 7405, wmEl4 (a) i,

TE 2016 4F—2021 4F i), 3 [ i 1 JE A 97 %
EPTESAR, EGI% . LiDAR, JRJE % 25057 4
R, HEAUOCTERAIESR . BIRrE] . SVM. DEM.
T ML (UAV Fldrone) . fii%s . fFE . AHHENE.
il . £L5k . MODIS. %E#r. NDVI. LAISEHFSE
HIWy, {1 Landsat. Sentinel, ALOS. ICESatZ T
BB LA KX MODIS Bl , FFRESCT Al . S
fb. WRH . B3 R . VR RARL M
B KB, Wil TR MbeER . R,
S5 Y SRR B SE . TR B, 96 [ 3 Bt
TR S . (1) LU Landsat fil MODIS & Mt FE
1R e SR f S T 0, B N A
AKGEPR L R A MR R AR I £ A
(2) SAR FL I 8 B )2 W oE e, 7R 18 38 JR%
PN T RA L W R UK SRS
(3) LiDAR Flm ik 5 o AL . IREE2E 2T
KB SEE G 5% (4) GEE =&/ HuiifFse
P

322 BRMEEARHE

DU 2 J2 T3 R AT 55 3 B F WU =3 [R) JRy 4 Bl
BB 3 AU [ 2t 40 A 2k 57 P % b ORS00 758 g o
(18 =2 S0k b 00 I 3 ) A BRI < 4 T Meteosat T
R BRI RE K TR R ERS-12, M LR
ENVISAT . FH 7 WL 00 il b 0 7 3 O o8 5 88 2 A 14
% & CryoSat. ERUHHF 1 )2 113 (Copernicus) 1Y
Sentinel &4 DA ; EZE M) £ 24 T E Hi Bk 7%
PRI S5 TLAE SPOT 78 [ 8y gk 52 5 AU fie 52
5 TR GRACE %5 o X SERRUH Y £ 91 TR B e 7
AR s i TR E AR RE ), A i BE A skt



TG A BT OCERTTR YE

R R R S R i 2455

FRIEALIE VR, RO TR B A R
ZAE A (Phiri %5, 2020) ., fERRMF#H (5 —1F
H) ORBEMEICT, WS IR BRSO iR

- aubrr
@ irrigation
smos

aryends carbacycle
o2 ©
smep »

phengcam

* egetation indicesotosgiines

grassland
phefiglogy :ht Phylob.nkton e P At

distubance alda c‘spumlo climate . bet
N ‘ R 2 < data asgnilation

a.?’lg r‘ *jem;wt’revec tion

aboveground biomass ci uxev-mnce

burn severity 1" ?"“TM 3
\ it

\ ¢ Teflegarce tropicaligyclones
wopkaores o Al e L pre&an"”“‘ NS
O ¥ e
R Nscaling /- \s‘u sdlmeaghrem
! s
.m‘ape wind
deforegation A
3 istruments§ea siirfac
..... vespecies 7 : v gl
> e
/ pol lightpin
change(dt weteomety M .
obia L i .uno.he?e
et =0 e W J
. 7o o suormi npp
& Z pmm‘o,ogy .&.de } ear\hobs./atlon(eu) eagth
B ural @tworks mén
pom.loud b\*m ighttie light

o atolrats odeep"nﬂg harnful algal bldoms

feaigra @ on cyanclcteria
traiin,
S g

(a) 3¢ CEEBL BN Z T 20 K1Y 240 1iA])
(a) The United States (Top 240 key words with cooccurrence

more than 20 times)

wolscale

very igh on e gl entaton

340134, HEHFILBREZEZ F 30 K1 492 136,
KSR 50%, K4 (b) P,

g2liko ionogghere

generative adversarial network

image recanstructi e
2 o prfie /R
pteridigietry . semantic sg@gimertation
electromagrtic methods g~ - optcalgmaging /£ TnaNC SR
@ ergors® ¢ @

[} f
‘seahve &fansfenearning
YO altiietryseffice A
ysis | (& algation
. 2 )
mlc‘ave " computer vision

segmé@tation

& gis " o
strgcture ffom motion

s
chloraphyll-a ™
strycture from motion (sfm)
oceangolour “

hytoplankton -
pryiorta chlosgphyll 7 Wi ¥
= it ral
evapetr: iration mu(l.lP
potrafispi 224105
Buriede: cons ation
L .‘dfih tmpl(‘fores( ® .

phe.ogy. oS etinds biodiersity ©
mangrove

land deggadatior
® maize ™

(b) BR (EEIEBR K Z T 30 KA 266 1~1A])
(b) Europe (Top 266 key words with cooccurrence more

than 50 times)

hsembiglearning

bulding etractio

#action

(c) [ (REBUEBUIIR 2 F 40 I 273 AN )

(¢) China (Top 273 key words with cooccurrence more than 40 times )

B4 2016 4F—2021 45 I | F el e AT 5 A
Fig. 4 Research hotspots of the remote sensing field in the United States, Europe, and China from 2016 to 2021
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1988 4F L T 5 — N = AL PR LK, [
T 230 ZARM R T HE B, B#ikET R4
TR, ERLDTAE (FY) ., BHETDE
(HY) . B B A (ZY) . WE K DA A
(H)) . @ Pe o st I R 4 (GF) 45 X6F 1l 08 I
TEKER., EhE%E GE—1EE) BRI
o, THUE A SRR IR MR DGR 46448 1>, ik pESE
PKEL T 40 k1 273 37), KRN SAFE,
K4 (¢) Fin. 7E20164F—20214F 8], H[E Y&
AT FEAETAESAR . Btk . LiDAR., R
AR A, EAOCHEEAR . RHE . HARERIN
&M% 5 4 (image reconstruction) . JFAFHEHEL . #FHH
P24 (CNN), SVM, Sz BEPLER M5
F B, f#i J{] Landsat. Sentinel, MODIS L } GF.
FY S TR, JFPRIREE . KB R WA
AL Y. AR, MERE. LULC. RliHbsoll . 3%
Bfk . AZEWED) . IR SRR

X BERFF 5T S TT LR B, [ 2R S T A
B BUG RTI B R FSe 5 B ks, B
TE SAR, Bl . LiDAR DL K K& 55 6% AH
KHRE# ] | Mg | FRE RS R 55
ROT I o AEE RN Oy, P E A R

Landsat, Sentinel, MODIS % T. 2 5 4l JF & 5
LULC, . KAEMTFE. SRCGEEZEME, PHE
BTSRRI R A (1) AH L BRSE 22 B bF
FER R TRA AR Z 22 BRI P A0, ] 2 T Y
B B 5 B BTV EOR DT VA A SAR L RDGIE L AL
a2 A, BRI RS XS  5s s (2) IR
) W GERAR RHES) 1RO, R S
HORBE Tz N T4, i e
RAETHARITERG, Rl 2otk 5 WEy
AMEE; (3) PETESAR. ®Ei% . LiDAR T
W AR 5 T e 36 1 SCI S i 25 401 56 T HoAh 151 52
(4) v 2% 2 8O0 F I 5E & B A0 T Landsat |
Sentinel . MODIS %5 [ #p T3 %4, & ™= T2 14
FEIE IR R g i o
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J TR BRI R TR NN, AR
SCHHE 23 (8] 73 BE S A A I, e 3 B 8 v 35 /41K o
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Fig. 5 Comparative analysis of remote sensing applications of major satellites and sensors in the United States, Europe and China
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TR BRI AT E A E LULC, KR |
AR MR, RE . AR R il
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Mol AR EWEHEE, KRR, 1 R4S
KA RN E 259 AT .l Landsat 192 24
M FEoR A 35 BIAE, FENE L, Hrp

2 CGE—1EE) W3Rz, 27675

(2) Sentinel 2 FTE M. . Sentinel T35 %5 1]
HH O 1Y B 5T #0T 2 B AE R fE SAR. OB g .
LiDAR. CNN. BENLERARE L . B E P90 34 55 07
1, N T KGR . #RbR. LULC. Btk . Hwids
. LAL, ZE8CE . KA. REHLDTRE . i LRI 45
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TEBRERE FERAY . £ B, R,
Hrprp 2 CGR—1E#H) 83URZ, N 11525,
R1 2016 F—2021 £ &3k % K Landsat TEHX SCI
NERSHET10EXR/AMX
Table 1 The most productive 10 countries of SCI papers

on Landsat from 2016 to 2021
&

5 EFR 20164 20174 20184F 20194F 20204F 20214F it

1 China 241 287 418 538 589 694 2767

2 USA 199 190 245 235 283 259 1411
3 India 44 51 70 89 114 143 511
4 Brazil 35 38 38 44 71 66 292
5 Canada 35 47 44 53 48 42 269
6 Iran 31 26 32 40 57 82 268
7 Germany 41 41 49 42 50 44 267
8 Italy 35 33 37 37 44 40 226
9 Australia 28 24 40 39 37 42 210

10 Spain 17 26 32 37 40 34 186

R2 2016 F—2021 F£IKK 3R Sentinel TEHFX SCIXE
BEHNE 10 ER/MEK
Table 2 The most productive 10 countries of SCI papers
on Sentinel from 2016 to 2021

&
F9  EZ 20164E 20174F 20184F 20194F 20204F 20214F it
1 China 13 49 8 187 319 500 1152
2 USA 17 28 47 71 132 137 432
3 laly 20 27 43 84 95 125 39
4 Germany 24 20 58 63 97 99 361
5  France 17 21 31 52 62 75 258
6  Spain 13 11 29 47 72 80 252
7 India 0 4 9 27 55 89 184
8 UK 5 8 24 39 40 44 160
9 Canada 4 3 17 30 36 320 122
10 Iran 0 0 4 17 35 52 108

(3) GF¥CdER ML . GF TR YIM LM HF
ﬁmm£%%$f&m W) . DA, Ehr.
FOGIE . BT A BIERGAR . RRIESR L. SVM
G, N TR . HERRRE L RIE A
o EAL BIEEYY . R H5RARE. HIE
Bl S 01 AN, i FH GF I B0ds (02 3 2 8ok
A, a3, HrhhESE GE—EE) ®
X%, h886% -

(4) HIBHER RO, HY TR % U1 56 i i
IS FEEPTEREICIE . SARSFE 1, MHT

Rk HiBRBbee L WIE L Rl RSS2
@ﬁoﬁmmﬂéﬁﬁ%M%i%%ﬁ$ﬁ,ﬁ

W4, HoprpEYyE CGR—1EH) BRZ, N
188 o
R3 2016 F—2021 FE£KEARGF LEMEXSCIXE
RS 12N ER/MX
Table 3 The most productive 12 countries of SCI papers
on GF from 2016 to 2021
IR

F5  EE  20164F 20174E 20184F 20194F 20204F 20214F Aiit
1 China 36 77 124 155 227 267 886

2 France 0 2 0 3 0 0 5
3 Iran 0 0 0 0 4 0 4
4 SouthKorea 0 1 1 2 0 0 4
5 Spain 0 0 0 2 0 2 4
6 USA 0 0 1 1 0 2 4
7 Italy 0 0 0 0 1 2 3
8 Australia 0 0 0 0 2 0 2
9  Canada 0 2 0 0 0 0 2
10 India 0 0 0 1 1 0 2
11 Japan 0 0 0 0 1 1 2
12 UK 0 0 1 1 0 0 2

T4 2016FE—2021 FL£IKkEERH] DEHEXSCIXER

ERAX

Table 4 Countries of SCI papers on HJ from 2016 to 2021

1%

75 EZ 20164F 20174F 20184F 20194F 20204F 20214F £l

1 China 42 40 30 30 31 15 188
2 Australia 0 0 0 1 0 0 1
3 Ttaly 0 1 0 0 0 0 1
4 NewZealand 0 0 1 0 0 0 1
5  Pakistan 0 1 0 0 0 0 1
6  Portugal 0 0 1 0 0 0 1
7  Thailand 0 0 1 0 0 0 1
8 Turkey 0 1 0 0 0 0 1

(5) ZY B IO, ZY TP O B i
R ELEPETERE . Ehr. RIE. @aPeg.,
2% 2] . CNN, SVM, @&otig . KR IR .
SAR. DEM, RFM, DSM. A7 H pf B 75 45 7 1fi
N TR s Bk R L HIEL KERE L AR
P 5 3140 il ZY R B 2R Bk A
i, KRS, HidhEYE CGE—EE) X
W%, M197Tk.

AN R0 TR &G PR SR S &
SCHCR TR AR R, R 6 4R T i M g Ay
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BEREE L TR R &Gt E . T
A5t
£S5 2016FE—2021 FL£BEARZY DEHXSCIXEN

E /MR
Table 5 Countries of SCI papers on ZY satellite from

2016 to 2021

B e 2]

15

FE  EHFE  20164F 20174F 20184F 20194F 20204F 20214F it
China 24 39 27 26 35 46 197

1

2 Australia 0 0 1 0 0 0 1
3 Austria 0 0 0 0 0 1 1
4 Ttaly 1 0 0 0 0 0 1
5 Nepal 0 0 0 0 1 0 1
6  Netherlands 0 0 0 0 0 1 1

332 HBQRSPRERDEME BRI LLSH

TE#% 3% [H Terra/Aqua MODIS L JEES A1 rp [ K 2
TR (FY) ., W (HY) R0 DRI T

(1) MODIS 4 i & L . MODIS 52 42 Bk iy
M Z 0 TR & IEE A (Zhao 55, 2022)
MODIS % YJ A1 3¢ (1 B 5% #4503 248 P 7E SAR.,
LiDAR. GEARS, J W HTHERE . HiskE
2. KRR H5RARY . . "R RZ . RILT
LS M. RIS 224G i
MODIS £dli 25 F 2k A, 36 8%, 10
#*7, HpdESH GF—EH) BRXEZ, N
3086 i

R6 2016 F—2021 FAB PG PR T E R EBENAERL
Table 6 Typical medium/high—resolution land satellites and the data applications from 2016 to 2021

A DA TR S e ] TR K FATU R B IO FH 5 22 I 5 45U
Landsat 1972427 H 23 H 9 259 WEERE HERELE IR Bl A 2
Sentinel 201444 H3 1 12 173 WA kR R ol A2
=458 (GF) 20134F4 H 26 H 14 91 WEERLE: HEREL R bl A2
W (H)) 20084F9 H 6 H 8 52 IR HERERR: SRR Rl A
PEIR(ZY) 19994FE 10 A 14 12 31 IaRbeE HERERR: IR KRR Ml
RT 2016 F—2021 FLIKK K MODIS #X SCI L= AoE, RS, HiE2EE CGE—1EE) @

BEHE10MER/MX
Table 7 The most productive ten countries of SCI papers
on MODIS from 2016 to 2021
%
F5  EFE 20164 20174F 20184F 20194F 20204F 20214F il
1 China 351 412 468 590 603 662 3086

2 USA 257 221 240 244 226 228 1416
3 Germany 74 58 63 48 46 49 338
4 India 40 49 44 46 59 67 305
5 Italy 42 34 31 43 49 25 224
6 Brazil 21 17 31 45 44 46 204
7 Canada 38 33 39 34 25 21 190
8 Spain 21 18 31 33 44 31 178
9 Iran 15 29 16 22 49 44 175

10 France 33 32 25 25 27 25 167

(2) FY$cdli i GO . FY TR % V1M S iF
ﬁ?ﬂ,\i%%#ﬂmﬁﬁ BE. &, hHE. M
o B L EOERE . BRI Dy
Wﬁﬁéﬁiﬂi@%%ftﬂ CHEERELE L HIEL ARl

AL Ml EPEE . R KR 5 RA
BleF . RO, MY DREURE M5 R 2R

X%, H299%.
F8 2016 FE—2021 FLIKKKFY DEMEXSCINE
RS 12 ER/MEX
Table 8 The most productive 12 countries of SCI papers
on FY satellite from 2016 to 2021

1%

5 [HE  20164F 20174 20184F 20194F 20204F 20214F it
1 China 18 32 30 60 66 93 299
2 USA 3 3 0 0 2 210
3 UK 0 1 1 1 0 5 8
4 SouthKorea 0 1 1 1 1 2 6
5 Spain 0 1 1 0 1 0 3
6 Australia 0 1 0 1 0 0 2
7  Canada 0 0 0 2 0 0 2
8 Cyprus 0 0 0 0 0 2 2
9  Germany 0 0 1 0 0 1 2
10 India 0 0 1 1 0 0 2
11 Ttaly 0 0 2 0 0 0 2
12 Japan 0 0 1 0 1 0 2

(3) HY BHE i HE M . HY DR IF5R
POS FEEREDRE ., B, Fik, Bk, Kk,
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JE T O SETT T, BT ERE R L Ak AR
Mole . PR R L AR E KRR
RICHAG 144090 T HY TRBHE R & £
LRATE, R, HohmEvH (R
#) WXRZ, N8k

3.3.3 AT NNRLE D E X 94

AWFFEXF 0CO2 il LA (TanSat) #E4T T M7
XA, 1 i R A S S 3= iy FH sl

(1) OCO2 Bds i g &l . 0CO2 T A% YIAM
KR FZ AR TP AE R IS S i S R 9Ok
(SIF). CO2. CO2HWEIR A (XCO2). T5.
EY = . KA. BB, N TR
SLHRAFE. _IESE . AW 2R

AR 3L i 0CO2 T Bl iy 2= &
FERAREMPE, PR, HhEEER
CE—1EH) X%, 61k,

F9 2016 E—2021 ££IKEFRHY TEHEXSCIXER

E K/AMX
Table 9 Countries of SCI papers on HY from 2016 to 2021

%

F5 [H % 20164F 20174F 20184 20194 20204 2021 4F it
1 China 6 7 10 12 16 30 81
2 Greece 0 0 2 0 0 0 2
3 Australia 0 0 0 1 0 0 1
4 CzechRepublic 0 0 0 0 1 0 1
5 Ttaly 1 0 0 0 0 0 1
6 UK 0 0 0 0 0 1 1

R10 2016 5F—2021 F AR PR PR R T E /M =R R H RN RE5
Table 10 Typical medium/low—resolution land satellites and the data applications from 2016 to 2021

R4 TN RV i TRE NS ;5 22 B i 5 -4

Terra/Aqua MODIS 1999412 4 18 H 2 224 Wb kAR RS KRB B KRR L
A= (FY) 19884F9 4 7H 19 9 Wb MR R ol A
W (HY) 200245 H 15 H 7 14 Wb Aol AR Ml R

R11 2016 FE—2021 ££FHK LR OCO2 L EFHAXSCIXE

RENETR2ANER/MEX
Table 11 The most productive 12 countries of SCI papers
on OCO2 from 2016 to 2021

]

5 EZE  20164F 20174F 20184F 20194F 20204F 20214F Eit
1 USA 5 6 9 13 14 14 61
2 China 0 2 7 5 15 17 46
3 Germany 0 2 1 0 4 2 9
4 UK 0 2 1 0 2 2 7
5 SouthKorea 0 0 0 2 0 4 6
6 Australia 0 2 2 1 0 0 5
7 Japan 0 1 1 1 0 2 5
8 India 0 2 0 0 1 1 4
9 France 0 1 1 0 0 1 3
10 Canada 0 0 0 1 0 1 2
11 Finland 0 0 0 2 0 0 2
12 Ttaly 1 0 0 0 1 0 2

(2) TanSat £ N HIE L . TanSat T2 % U1
KRR FEE P RSO . B, KA.
SEHE . CO2. KRIHFEFIHLRERISE (SIF) ., &
PRAE, N TIEER . dekply . HIE. %
HRARF . O 50E %55 2409, i

TanSat L2 HIE 244 FEOR AR E, HERE12,
Hpp 2 GE—1EH) 30w, M2k,
F12 2016 F—2021 £ £ Tk % K TanSat TE+H X SCIX

EMERMEX
Table 12 Countries of SCI papers on TanSat from 2016
to 2021
]

B9 B 20174F 20184F 20194F 20204F 20214 &t

1 China 3 3 3 6 7 22

2 France 0 0 1 0 0 1

3 UK 0 0 0 0 1 1

S TR o 0 B 2 TR B R B ED TR AR
i J AN FH AR L 13

gi bk, i ZERE, TERESIER T
DIRG . Wl SR IRRE . R, nRRsE
KRR R SE AT LI TR R R (BB,
2014; CBAS, 2021). 20144F, WE4EE kK £E
JE SCI SCF B 1 IR BR B Bk —, e —H
Se, A K S8 Fe S0k RE A 2R
o R BE A TR R IR, R 14008
v EE R A AN ) R R & R SCLig
SO E . ISCERTH R AER, 2016 4E—2021 4F,
ZPR 32 AR R TR RN AR IR AR 1 SR [ R
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Z—, HMIE = TR IS R E , Il
JH e TR M K RIS SRR LR, P
A A TR s e AR SCT S FE it v - ]
7 TR R R Y SCI 3L, I 23 fi T el 5 T2
Bl SR SCERYARH A o P 8 TR K B9 1 H

OB, BRI L SCR 2, (HEA
Hh 2 T A 5 2o A v P E A S TR
o AR DA [l T2 0 ke 3 SCTSCER AU Y
MER, E TR ERR I AR XSS

R13 2016 F—2021 F AR VN EFE DE KR HEITEN BBER
Table 13 Typical Earth observation science satellites and their data applications from 2016 to 2021

EYTINERS YRR TR A 7 % 22 BTG 5 40k
0C02 2014-07-02 1 31 KBHE S5 Z 96 (SIF) .CO2 . CO2FEHR IR & L (XC02) .5 MM =i
fif 1252 (TanSat) 2016-12-22 1 12 IRl HhBkRlE SR 5 RKARE D ki

F14 2016 F—2021 £ ZEE(E—EE)ERRRIE
HiEZ R SCLEXIERATLE
Table 14 Comparison of SCI papers between Chinese
and foreign authors using different satellite data counted
by the 1st author country from 2016 to 2021

-
HHESBELEER HHE>TRERE
SCLiE ¥ SCLIE ¥
4k 18004 1,743
SN 5839 1,633
AP 2E 12165 110
Horb, el 2682 16
Horr, BRU 2 3 4482 51

3.4 EBRBNGHRARR AR LS

HRAE AR S 2 45 %32 S R 98 B STV Y
WA E A E AL b, 3.2
Xof N [) s i) B B 4 o e J it 9 ol 118 2 B 5 9 Ak
SARr (E2), DL 3.2 795 % 2016 4E—2021 4F 2%
Bl D 0 [ SR AT SR I R L AT (T 4)
ATLAVEMT &L “SAR . mOGIEAILIDAR” 7EAA]
BPas e B Ul TR BYARRIE
XLERF S BT TR B “SAR. BGIE A LIDAR”
S TR A IR, X5 R R A A A AT 3R
“SAR. FGI% A LIDAR & 24 Hi 8 B 1 = KA 8
A7 (FRHEA, 2001, 2021; 5KES, 2017; Kahraman
Al Bacher, 2021) AHAFA o A9 = KATHTHER
HEAT 2016 4F—2021 4 4R BB SCRka T &= o0 i, JF
e (SE—AEH) MBFSE R B 5 0 O 4
HEATXT AT -

341 ERILEEZEMARENARBR
A ER SAR WS S EHAE P E DEM, 1A

W CNN, BB 2] | RpESRI . TR . ERSE
JruE, TR T AR Btk o LULC,
K AR RKFE L WY DU AEARRIN SRS
TFRESAR BT+ H EE R AT K. B, IF
W15, HpmhEyE GB—1FE) #URZ,
h3535 0, LA HA 2K

RIS 2016 F 2021 FEIHKFRSARMR LR SCIXE

REWHTI0MER(F—1EE)EELXER

Table 15 The most productive 10 countries of SCI papers

on SAR counted by the 1* author from 2016 to 2021
1%

F5  EZR 20164F 20174F 20184F 20194F 20204F 20214F it

1 China 419 446 508 632 637 893 3535
2 USA 83 88 95 89 101 116 572

W

Italy 80 72 78 101 85 112 528
4  Germany 72 64 117 71 72 75 471

5 India 21 45 40 46 75 94 321
6  Canada 25 45 69 61 52 38 290
7  France 32 28 36 54 36 47 233
8 [ran 18 23 29 38 46 35 189
9 UK 19 19 36 40 41 33 188
10 Japan 11 20 36 36 33 29 165

FEWFSY B 1E, PRI T 100 KA 20
AR AT SR T R B, P E 2R A
SAR JF 5T 1 & SC8 i L G E 22/ 2, &
FALFRASEAG I . 4. DEM . FRAESREC. ZRAK .
HEOK 4 SE[E 2R 0 SAR $ AR 7518 H WF 9T 7 Ifi
RFRWCGEWPTEYEZ, WE 6~ . Ehats
e B RO 26 AN FE 2016 4F—2021 4 42 Bk & % SAR
SCEE 5 i AR SR A O SCEE I R, B A
gL s AR P LW, B A K SRR R S
EIVEZIN
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242 DEMEI

192 M<-I
190 FEATUREEXTRACTIONT]
184  Fofestn i
181 LANDSATEIN
154 ALOSHEN
153 Flodnm
140 LUEEEm
130 LiDAREM
130 Landslideny
118 'S ]
117 WetlandsHEs

1151 15Polanmetry1|
= China = USA
K6 20164F—2021 4 E~## (i —1E# ) JT i SAR 5T
it LB I 55 AT 20 S BETRI X EE
Fig. 6 Top 20 key words from SAR related SCI papers
published by 1st authors of China and the United States from
2016 to 2021

342 BRIEHREMAER

A BR G B T E A R R IE AR B
W42 . CNN. SVM. FEMM . AL,
LiDAR %, I HIWFSE 2 AR . RN
B RHEL AR AW LAL SRR, JF
JEmEDOCIENI TR FER A £ B, I
W16, HppEvE (H—FE) BX&RZ,
31925, LS HABE K
R16 2016 F—2021 FEHFRBXIEARELRSCINE

REMETI0NER(F—EE)EERXIBR
Table 16 The most productive 10 countries of SCI papers
on Hyperspectral counted by the 1* author from 2016 to 2021

15

B9 EE 20164 20174F 20184F 20194F 20204F 20214F it
1 China 329 38 432 597 654 794 3192
2 USA 117 100 109 121 123 140 710
3 India 28 40 33 60 69 91 321
4  Germany 36 46 38 52 54 49 275
5  Spain 31 25 32 49 28 28 193
6
7
8
9

Iran 26 36 24 22 24 20 152
France 24 18 23 28 27 28 148

Italy 22 21 17 22 29 25 136
Canada 14 18 28 12 23 30 125

10 Australia 16 12 20 26 21 26 121

TEWFIE ST I, HP [ 2% 3 A i i 40 3k 1Y)
KICE IR LR E L, FEIF RS,
CNN, IRJE22>] . SVM, JCAAML. LiDAR. [4E%%

PR, FEWAT R, SRR, SSEEH
T & R YT TSI, A8 BRI B T I Y 3L
BomhEvHZ . P EE I RGPS,
BEXS T FEOR BB S, SRR I Y
WX, a7 s

448 Featreextraction
R -
350 Decpleaming
[T 7266 SVM Il
Cm oAy
212 LDAR
171 Training |
17U soil
170  Randoffiiforesti
142 Principal compdnentanalysis®|i
130  Sentifell Ml
127 iagingl
126 Anomaly detection
122 Dimensionalifj/eductiony|l
119 Imaging spectroscopy |-
118 Spectral fifimmixingmll
1140EAT N
102  Sparse —|
102 DpZAGON
101 Agricult(ien i
=China = USA '
K7 2016 4F—2021 4FH K23 (BB —AEH ) TT I i i it
I T BT 5 5 AT 20 DG BER X HE
Fig. 7 Top 20 key words from Hyperspectral related SCI papers
published by 1st authors of China and the United States from
2016 to 2021

343 EAEBEHARSHAER

PR LIDAR WP #OS R EE RS = . A
BL. PLEE. SAR. @i, iz, B aE . 5
SEME A WEREGE . WIRE . 3D, REE .
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Abstract: Remote Sensing (RS) has become an essential information source for national resource and energy surveys, food security

monitoring, ecological environmental protection, natural disaster assessment, and national defense security. Bibliometric is a helpful method

to analyze the development dynamics, hotspots, and evolution in the RS discipline. It is a powerful approach to sort out and visualize the

progress of RS development.

This study conducts a bibliometric analysis of RS-related Science Citation Index (SCI) papers published from 1962 to 2021. The
research hotspots and changes of RS in the United States, Europe, and China from 1962 to 2021 are systematically determined. The

application of typical RS satellites globally and in China are compared and analyzed. The research characteristics of US, European, and

Chinese scholars in the three frontier technologies (i.e., Synthetic Aperture Radar, Hyperspectral, and LiDAR) are summarized.
Results show that (1) the number of SCI papers and authors in RS has shown a trend of rapid growth and accelerated growth since
1998, from 69,666 published in 2012 to 169,797 in 2021. China has surpassed the US in its annual publication to become the first since
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2014, and it has been far ahead since then. It published 8,063 RS SCI papers by 2021, which accounted for 42.17% of the 19,121 global
publications. (2) In terms of RS technology, RS started from multispectral imaging, and it developed rapidly to the frontier technologies of
synthetic aperture radar, hyperspectral, LIDAR, unmanned aerial vehicle (UAV), high-resolution image, and deep learning. Furthermore, RS
gradually played an increasingly important role in many application fields. (3) In terms of RS data application, Landsat, MODIS, Sentinel,
and other foreign data have been widely used by global users. Chinese scholars highly rely on these foreign satellite data to conduct RS
research. By contrast, the application of domestic satellites is relatively rare, and the international influence of domestic satellites is very
weak, which is very mismatched with China’s status of RS. (4) Significant differences are observed in the hotspots of RS research between
China and other countries. By relying on advanced satellite and payload technologies (e.g., Landsat and MODIS), the US developed science-
and demand-driven RS research, which has been widely used in various application fields. European RS scholars attached great importance
to the research and application of Sentinel satellites, which have surpassed Landsat in the number of SCI papers they published. Chinese RS
has shown outstanding quantitative advantages in all research fields and applications. Meanwhile, Chinese RS scholars pay more attention to
synthetic aperture radar, hyperspectral, LIDAR, deep learning, neural networks, feature extraction, and other cutting-edge technologies and
algorithms.

Key words: remote sensing, bibliometrics, discipline development trends, research hotspot, satellite data, application fields
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