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TR R JBAN RE AR IS IT RUBE B AR ) )5 RRAIE
WK R R L Y, B LSP (Land Surface
Phenology) (de Beurs Il Henebry, 2004), A %:iE
HARB Y RS 2, P H R 2T T AT A%
295 ) g 5 T 0 40 M AL S0 b 3R JRR 1 R TR M T
RuEEE . Horb, fRgeill & T Berk s B 9L 2k
BRI, ABMELLHEATIS 25 00 (BRAGR F0 EARTE
2009) o KT A BRI I AR SR E ) e M
I 7 T F g AR B9 A, WA AE BIL B o o R
o MR AR B AR TR T T e ORI A T £
FB ., RERE VPG Rk TR B R ST 1 ) M A A
5 T RAR I 4R 8 B SR AN TR, AL s
DNA{E (Digital Number) NEAY R L, HKE
WL R, AR # 6 B0 ) ) 91 B0 1Y) e 44 g
i S W AE B AR ORISR A, B W 0 ) e 1Y
T, O A b i Py s LI SIS B Tz B
(Filippa &5 2018; Richardson 28, 2009; Menzel
45 2015; Thapa§, 2021). 477, YiEMHLE
28 A — T A ] ke A ) A 4R R IERT M T 56
WETFB . BN T 245 TEF LY
i SO0 D) B2 AL R B S2 R, 40 3€ [ Y PhenoCam
(Seyednasrollah%, 2019). KM AY EuroPhen (Wingate
&5 2015). HZARMPEN (Phenological Eyes Network )
(Nasahara fil Nagai, 2015) S5 [E Mg 0L %, LA
e P A5 LI %) PhotoNet 45

R, ) b AR BLIR UE TR G S A 5
B, Wyl REHILA TR B IR W) e 4 B BAT B0 Y
MR, (BAIfFTE2E5 . W White 5§ (2014) &
PEAHBIL LRS00 8 e 911 24 AH 22 10—30 d.
O A W58 W RE RLW (Fisher 1 Mustard, 2007;
Peng 5%, 2017) . MEBEA K5 FPE (Liu %,
2019) . EOGERIX (ROD) e (Hufkens %%, 2012;
JAERE, 2018) SEMEE, X k2= R0l TR
MORERE . SR, A DFSE R TE Y AR AL S TR W
I 83 JBE A — SO0 ) A S 30 R 45 R ) 520

B, TR T8 8™ 0 00 D A 32 38
VTR TGT5 18], 10 A4 S8 ) A AR AL — 8 SR P 2 UL )
DAY RS , dEmRIBCE Z M E S . BTz
I3 T B PhenoCam WL P AHAL Y A & 41, IZAHAL
TP HM ) 22 2 A T 0 LI 7 B 5Kk, A Ok
UEMTRF H AN SZ AR R H AR TH0RI AT, (4 72 )
MR, ELA AT A Sy o AR A0 A 41148 I 9 B v A
5RESE A4 0 1 (Seyednasrollah %, 2019) .
SR, F TR A 2 X K B 4 St 1 S S EL A 1]

PR, EA57E T KI5 5 Rk £ B AR B B R A TR
25 [RIEE, AN [R] A R LI A 4 o 40 o3 A B
Jr 5 e B AT, 3 S i o ee . AR
B H R ] (Vrieling 55, 2018) . #k 5
M50 T 5 Fb %% (Klosterman 45, 2014) 4R
550 fR B A OGP, W AR BIL R T8 RR UE
FARERA—F, B0 T Py S0 %) b TED 6 aE A9 AN B
FETE

C A WFIEHRIE T I B 25 5 X0 iR 235 2R /Y
S, Bl LindE (2017) Nk, SZERARYIRN
TP, AT R TN I T b AE HIL R SR B £
TR ZERT ISR (555 Cheng%F (2020) TAMHH
ARG (e . RZESE) FEMURHIL A i
7 B 2 F 3 R TOWM A Af 5 Vrieling 55 (2018)
i A SR HLIR B Ak RS, H 4R
AT, I E I S R AR R, i —
SR BT UL R 1) 25 5 X 0 i B 3 4 2R
M, (HILA RYEFTE Y, T = U AE ALY
Bt Tk ST Al UL £ R AE MUY 18 S8
RSS2 e e, B, W —FhaE B0
TAHAILAR R 3 T T A 1Y 2

BRI, SR PRGEULIN £ B 22 S5 0T 388 2% i 46 i
Y 5E M S N AE R R, AR SCHULBE T b ot I K 2=
K BPIEAIAL (PhotoNet) 3K IR 1 XL (14 Hb 1 4
Tk, WCHE 95 [F] PhenoCam WL K, A1 H
AR OUL I AR RE AR BIL R A3 ) gk R R T A
Sentinel—2 [ YIMESHL, LR 9 Fob A 2 XOLI00) Xof 28 Ja
7 SR ZE R R SE R, DA R 5 A T T A
R, I DGR AL i SR 5 AR AL G A R A T T
fif RE X s i i N ZE BRI, DA oA T3 3 JR ) e
UL i AL B ST T 0 ) i TR 9 TR £

2 BlE5 Ik

2.1 WIRBENETE

A 5T 3 AL UL I PhenoCam A1 3 1 U )
PhotoNet I 49 15 W AR HL A , - 4 58 A HL WL I £
B X TR VR A I S eSS R s . T
il st ] ESF A EE T R 7P A O 0 o 52 1) ) M AR
BL, B, WFFEEEE T R A AR AILTE AH I 26
B[R 4 2 A U 2 53 5 Sentinel -2 £4 48 [
B, T80, Hb . PhotoNet ¥ W 28 %
HET b E A SR, HY AR d e
IS K5 A FE0F K 5 PhenoCam 95 WL 9 2% %4 4
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P FICEAE, 2HMERER S N
2B Z — o A SOl A A HIL RS R P
AL R 2% 1 RGB E15, MR G B4h A 3l
B, FBGEEII NS00 T HBE (KB EECh:
2592x1944) , FHFPFRHLEAT AR 0L FA B, 1L

,’ -
», LAP

(a) PhotoNet 41145 it
(a) Image taken by PhotoNet

(b) ML A X HE

(b) Comparison of observation angles

& 1. PhenoCam FH HL7E BT 4122 5 15 A7 B UL I £
JERR M, HFFEIE R, IR AL >50%
HIAE B R <50% (R 25 o 111 5 1% e AR AR BLAS ]
PhotoNet FHHL LAHE FL ] B A0y R 28 . ™0
FIRRALLL) L+ 5 18] X Sl ROT,

(¢) PhenoCam ¥4 18 F
(¢) Image taken by PhenoCam

1 PhotoNet-5 PhenoCam #BAHHLILIN £ FE 22 SR =

Fig.1 Diagram of observation angle difference between PhotoNet and PhenoCam camera

R YA [) il IXC T 5 AR L A L £
HES5 R B A Al L, AW 58 76 1 % PhotoNet il
PhenoCam 4 5 % il s BF, S8596 LAF B 558,
VEIBCTT il HAE B 53 A5 1 50 0 ol AR E R X,
ANRUEERE A SRR (Liu %%, 2017) 5 HIK,
FEAH T 28 3 1 1 35 B Ao 49 fige P A BIL 80 000 3
ST BRIV I [F] A A SR BRSO TR
AREN, HER—4EE, W T METE Y
TS IO v

50°
46°
42°

38°

-112°  -108° -104° -100°  -96° 92

(a) PhenoCam WLl i,

(a) PhenoCam observation station

A EilfiGrassland

BT FIRJF, 7E PhotoNet #4559 rh 4% 3 4>
ST AR MBIFTE X, AL 1A T K T B
(2 (b)), Her, Fkubifr T H & i K
X CKHvh, DMZ), HHl 50 T35 4
AR E LYy (P2, ARZ) S5@rsE Kbt
Wit g i Scae s (F e AU A, XJIG1-6, A
S A5 77 P S AEAL) . DMZ AN ARZEHE Tk A EF
F e R R L (http://data.tpde.ac.en[2022—
09-26]) (Liu%, 2018; XIZR %, 2022a, b).

84° 88° 92° 96° 100° 104°
(b) PhotoNet Wik m5,
(b) PhotoNet observation station
+ £ KCom

7 :ARS: Arsbrooks ¥4 ;MEA : Mead ¥4 ; LET: Lethbridge Wi NEO: NEON #4; USG: Usgseros s
BUT: Butte 3 ; RIV: Riverton ¥ ; DMZ: Kifisli; ARZ: BiZEdk; XIG: 55
&2 WF5EX 53

Fig.2  Distribution of research area

1E PhenoCam ¥ =W 25 v, 1% 4£5 5 PhotoNet
SAHIEEREE | A RIS B 2 Y 7 A3l a5 A R X6 LA
X (2 (a), G PIPTAE,, 435 Arsbrooks
(ARS) FiIMead (MEA) ¥, %R F PhotoNet ) DMZ;
54 EHhys, HP Lethbridge (LET), NEON (NEO)

H1 Usgseros (USG) i 5 PhotoNet ] ARZ #H X L7,
USG. Butte (BUT) #lRiverton (RIV) 35 XJG
XFR. o PhenoCam $(Hg BRI E “https://phenocam.
sr.unh.edu/[2022-09-26 " Wuh T 48, & uliny A
R SE R LR 1.
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Table 1 Station information of research area

R PhotoNet PhenoCam
FE RS - - ; -
Py P [ ZLh Y P s ] Ensa )iy
., 3 ARS 2020-01-01—2020-12-31  93.693°W,41.974°N
ESP S DMZ 2020-01-01—2020-12-31 100.367 E,38.852°N ) B
MEA 2020-01-01—2020-12-31 96.476 W,41.165° N
LET 2020-01-01—2020-12-31 112.940°W,49.709°N
T ARZ 2020-01-01—2020-12-31 100.464°F,38.047°N NEO 2020-01-01—2020-12-31  100.915°W,46.769°N
UsG 2020-01-01—2020-12-31  96.623°W,43.734°N
1:2021-04-29—2021-07-31 . .
XJG1 87.043°E, 43.483 ' N
2:2021-05-22—2021-08-22
USsG 2021-01-01—2021-12-31  96.623°W,43.734°N
. 1:2021-04-29—2021-07-31 . N
XJG2 87.042°E,43.483 N
2:2021-05-19—2021-09-10
1:2021-04-29—2021-10-17 R R
XJG3 87.043°E,43.483 N
2:2021-05-22—2021-08-18
Ml XJG BUT 2021-01-01—2021-12-31 112.479°W ,45.953°N

1:2021-04-29—2021-09-12
XJG4
2:2021-05-22—2021-09-12

87.042°F,43.483°N

1:2021-04-29—2021-09-12

XJG5 87.042°F,43.482°N

2:2021-04-29—2021-09-12

. 1:2021-04-29—2021-08-22
XJG6
2:2021-04-29—2021-10-17

RIV 2021-01-01—2021-12-31  108.400°W,42.988°N

87.042°F,43.482°N

22 DEEREIE

Sentinel—2 J& BRI L K J7) 2015 4F F1 2017 4F &
SRR B R 2 O6IE LA (2Af12B), 7R
B4R 786 km I K BH [ 2L 08 iz T, WU K T5
A R£10.37, FTLLACH IR TE WM, BAREEEN T
AL U231 43 HE 3R 10 m B9 22063 R4 (MSI) ,
D REPEES W XK, 5 3—5 d ] 588 xt
b 1 ) — DX 3 ) = AR )

W55 £ F GEE (Google Earth Engine) P& T
AR IOF AR T 5 b 1T 38 5 6 A B Y Sentinel -2
BE o B Al B £ 9E 4 4 Bk “COPERNICUS/
S2_SR”, J& T Zid KA IERY Level-2A 23K 2
SR AR AR R AT, AR e B
HARRIE B (QA60) &l LT L n b3, 7E
2 J5 1 Sentinel -2 5% 1, PRI M 173G 01 2604
FER L 20 mx20 m WARTT U, TR HIE
A Sy 55 TR sy X8 7 A7 i 8 T RS

23 GCCIHITE

GCC (Green Chromatic Coordinate) J2& i it #if
YOS R Z= T AR bR, REA R IR 5
AR R R R, SRR TR AR DL U Bl e 1
W HLREETEAR (Sonnentag %5, 2012), TEAX N

G

N ] W

A, T IEREEDE, R, 6. B43iM Sentinel-2
EL . gk, BB R s X T A AL,
R, G. BAill WAHHUEIRAR L . 4% ¥ 3814 DN
H. =0 (1) IR EEKZ 4L RO T3 GCCH,
Horp, WMEARHLAY B GCC AR S th— K h A 2% 8 A
GCCHMEENM o Ml /DM, XF 8] 5 3 B4
PEATE 10 3 d A2 it A B

GCCl1,y; = GCC2,,,, + Dvalue,,,, 2)

XJG A 6 AWM 5, 25 WL A5 TR] i A P 5

T g o) B IARBL, EAVEAE2FAAE, HH
ANG—, [Fm, ZRDCEEZm, 65w

A FHML 2 1) 59 DN GCC A EA Al Lt I
Ub, X SR AT T AR AL EE (E3), A
KRB, (AW 5 P B A HLAE 3E SCH B GCC 22
{6 (D-value) fIFRIEZEH0.009—0.021 (K3 (a)),
ZAEE MREE, R E— LI S AHAL GCC #fE
BARANT, (A FE%—%. Fik, miditH
GCCZEMHME (Dvalue,,, ), BIATAE5H & FHAL
X H IR GCCME (X (2)), FFHM SAHPLGCC
PEAE 932 WL 5 B GCCfE . Fldn, XJIGI i AR
ML 1A % DOY (Day Of Year) A 119—212, AHHL2 N
142—234, | 20 (2) 15 th GCC1 0100, 2 GCCl s,
5 GCC2yp0110 & GCCl oy, 81T T G FHIHLAG Y
A5 HIZ WL 5 7E DOY Sl 119—234 1) GCC A A
(E3 (b)) .
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XIG1-63 £
(a) XJG1-6 LM 5 GCC 2Z1H

(a) GCC difference value of XJG1-6 observation points

DOY

(b) XJG1 ) GCC A A5 B
(b) Calculation example of GCC
composite value of XJG1

3 XJG i iab B

Fig.3 Data preprocessing of XJG station

24 REWIEREHSE

T E AR A KA R, HOBUSGE D) i 2k
(Double Hyperbolic Tangent Function) 4 GCC i}
(] 2 5 B0 32 BRI RION T AEL B 100 2F R Y AN X
PRI E] P A B 1R, 5 Beck 55 (2006) 4
1 9 Double Logistic BERIZERL, FikHN (Meroni
4, 2014):
tanh((t - a22) X a3) +1 .
tanh((t a25) X aﬁ) +1 3)
K, ¢ ABE, GCC (¢) B [H ¢ B GCCAH,
i FAAS e/ — S dE R B HEAT AL 1) (Chen 55,
2004) , EERXFSEGEATAETT I 46 (E AL
PLAERL TS, a;—a, 3500090 06 (6 5 A
W2,

GCC(t) =a, + a,

ay — ay

K2 a—a,SHMMBRERAN

Table 2 Initial value input of a, to a, parameter

2R WA {E
a, IR B GCC,,

ca,  OPRAMERETER UR2EBOM GCC,, 5 GCC, 2%
, as G P AR (S5O B 5 GCC, b Ry Ef [R] e
a S35 R IR B U 2 B 495 s b Fry Rk

a

(13,

W i O R L) % DL ik Sy B 1 A il R AR A
B BEE T E LA iR IRIE 0 20% . 50% .
90% fE e, BIERAE ST A, I HSCH Ty
i, BN HEZMTZ— (White 5, 1997;

Vrieling %5, 2018). MM (A 1k 1) R HUESE, 4
BN — A K B BEFG 1 55 — A A K BEiE,
B M N — AT 2R M R A 1) o — N LR M s A
(Zhang 55, 2003), I 15480 Hh 26 1 il R (.
YRR CEEY A, R K T A Ol

GCC'(1)
(1 +(GCC (1))
A, GCC'(z). GCC'(z) 4350 GCC(¢) th £ iy —
Bro ZBr g8 A MR RE K — S5 K =0,
JIT 3K p AR E X 7 ) st [ B Ay A g A K S 4
W1 A LT R L R N R 48 R R BUE 0 5
MR RN EW, AHERESFERAR,
HLRE R A5 K 0 i 1] R 52 2 9 15 e il 2 400 1 400
(AR B {HL iy S50 (3 o) ek e o v R ey
2 i B P 2 AN S R0 b 2 st e il 2R 0
JERLA B, 5 BB A M AE B0, PRt eR A
B BT B PR R B S e i B R TR0 A af M
(Zeng %5, 2020).

ARSCLEA G BRI IR DL s, X))
A1) 5E 8 1) DMZ F ARZ D B2 %5 137 £ PhenoCam 31 A5 fift
FHEE T, X P A 528 10 XTG LL ST LR 4
1) PhenoCam 3t 5 f FH i1 58 4% (B 4R B e 1) . 3k
PEIUT SR, AR T AR AR K AR e A
TR BT R, A5 (0G) . K
P (MG) . AKIEZE (PS,) . WY (EG) Ak
IR (DG) (LiuZs, 2017), HEMAZE XFIHE T
FANE IR,

K= (4)
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Table 3 Definition of phenology
Y5 REE X b SRR X e ) I L5 % 1 i )
AS 244 OG (Onset of Greenup) MBS, 0 A BRI — i iR ATE B IR IR 20%
Y MG (Maturity of the Green canopy) R L, i 2 K et TR RIEE AR iR AR EBIR IR 50%
Az K HE 25 PS,  (Peak of Season) LB 2 B2 1 ) e HH 2 T BIR R 1) 90%
P41 EG (End of Greenness) M, 0 g v TR — MR E IR EBHRIFR 50%

PRIRIA DG ( Dormancy of the Green Vegetation)

BRI, W 7 SR T

B B A — A R

285 21 BeAR 6 1 20%

2.5 HESWTITIE

W 64 X5 7 BsF 1]
AR S o I 5 48 A 22 8] Y Pearson AH2C 5 3

iR 5 b

B (r) . BIRIEZZRMSE (Root Mean Square Error),
PEORCBE I M Ze 40045 5] ) ) 90 B 0 RO, 8
MHEIT T 1, RMSEfE#U/N, Fom i RO s

TE L BAHPL S T 2 By e S0t 1TV T 4
it 4 2 ] B A W 45 3 RMSE >k 28 3% 25 K/ .
RMSE & % FAFAH AL 5 TL 5L 4 4o 300 W D00 g ~F- 34 2
S, BARTHE AT

RMSE = / E(DOY‘H_ DOY:) (5)

A H, DOY, 5 DOY, 73 54 C 3 P A di 48 A 2 A

3.1 GCCHEHMZLME

WFFE X —AF A A, 450l s GCC I [y
G047 B T MEARRIE . CCCE M PR — b Th—ig
H— T RE—FRr 2, b TR IR—2%
p—A KIEF— s —IRIRA S /2 (14) 0 XL
TEVTHTZR d A XU IE VTR B AR, HEEAIE RS
FRE GCCAZARZE, LB S R HIZIAR
REMER A A R A R (AR FRIAR B, 775
WP XA AE L, RS ILG s A s GCCAH.

0.44
048 - 048+
044 040 - 0.44
O O &)
O 0.40 - - @]
3 8 036 3 0.40
0.36 0.36
032 =
032F ) 032
1 1 1 1 1 1 1 0 28 L L 1 L L L L 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 “%0 50 100 150 200 250 300 35 0 50 100 150 200 250 300 35
DOY DOY DOY
RMSE r(p<0.01) RMSE r(p<0.01) RMSE #(p<0.01)
-2-0.0072 0.9942 -2~ 0.0060 0.9892 -#-0.0075 09910
-=-(0.0052 09914 -=- 0.0084 0.9671 -#-(0.0063 09764
(a) KiFGuG (b) Arsbrooks ¥ (c¢) Mead %
(a) DMZ (b) ARS (¢) MEA
0.55 0.42
044
0.50 F 0.40
0as 0.40 038
4> Q
é 8 0.36 § 0.36
040 F
0.32 0.34
0.35 .\ 0.32
028 - .
0.30 L 1 L L 1 L L L 1 L L 1 ! L 030 1 1 1 1 1 L L
70 50 100 150 200 250 300 350 0 50 100 15%32{0 250 300 350 “70 50 100 150 200 250 300 35
DOY DOY
RMSE r(p<0.01) RMSE r(p<0.01) RMSE r(p<0.01)
-8~ 0.0061 0.9975 -~ 0.0075  0.9901 -8~ 0.0040 0.9885
-&-(0.0042 0.9947 -#-0.0037 0.9913 -#-0.0025 0.9936
(d) By 2k (e) Usgseros % (2020) (f) NEON %
(d) ARZ (e) USG (2020) (f) NEO
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0.40
0.38
0.36
!
© 0.34
0.32
0.30
1 1 1 1 1 1 1
0 50 100 150 200 250 300 35
DOY
RMSE 7(p<0.01)
-#-0.0045 0.9850
-=-0.0053 0.9778
(g) Lethbridge ¥
(g) LET
0.6

GCC

1 1 1 1 1 _ 1
0 50 100 150 200 250 300 350
DOY
RMSE r(p<0.01)
- 0.0088 0.9947
- 0.0093 0.9882

(j) WFIB LY 3
(j) XJG3

0.3

0.6

GCC

0.3

1 1 1 1 1 1 1
50 100 150 200 250 300 350
DOY
RMSE #(p<0.01)
00188 0.9628
- 0.0085 0.9793

(m) IR0 6
(m) XJG6

(=}

0.40

GCC

1 | 1 1 1 1
100 150 200 250 300 35
DOY
RMSE #(p<0.01)
+-0.0060 0.9883
= 0.0029 0.9895

(p) Usgseros ¥ (2021)
(p) USG (2021)

0.28 L

0.6

0.6

GCC
GCC

0.3

1 L 1 1 1 1 03
“0 50 100 150 200 250 300 350 0
DOY
RMSE 7(p<0.01)
- 0.0112 0.9875
- 00133 0.9558

(h) BRIk 1
(h) XJG1

0.6 0.6

1 1 1 1
50 100 150 200 250 300 350
DOY
RMSE r(p<0.01)
+-0.0143  0.9762
- 0.0128 0.9695

G) RIS 2
(i) XJG2

GCC
GCC

L L 1 1 1 0 3

1 1
930750 100 150 200 250 300 350 )
DOY
RMSE r(p<0.01)
+-0.0098 0.9866
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Comparison of vertical and inclined camera observations on the validation
results of remote sensing phenological parameters
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Abstract: In the fields of agricultural production management and climate change research, monitoring large-scale plant phenology with

satellite-based remote sensing is crucial to reveal the interaction of biology and nature environment. During validation on remotely sensed

phenology information, near-surface digital cameras are often employed as main data sources. However, more efforts were focused on the

scale difference between ground and remotely sensed data and rarely on the difference of sensors viewing zenith, i.e., the satellites mainly

adopted the near-nadir observation while cameras were mostly inclined in arrangement. Vertical (PhotoNet) and inclined (PhenoCam)

camera observations were acquired at the similar latitude for the same vegetation type, and then these observations were compared with

phenological parameters extracted from Sentinel-2 data to assess systematically the effects of camera observation angles on the results of

satellite phenological verification. For 16 locations, we compared a Greenness Chromatic Coordinate (GCC) series derived from digital
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cameras and Sentinel-2. A double hyperbolic tangent model was fitted for each series. The threshold method was applied to the annual
complete modeled data, and the curvature extremum method was used for incomplete data to estimate the onset of greenup, the maturity of
the green canopy, the peak of season, the end of greenness, and the dormancy of the green vegetation (OG/MG/PS90/EG/DG). Results
showed that the viewing zenith of cameras is one of the uncertain sources to validate phenology information from satellite imagery. In most
cases, the vertically observed camera showed improved agreement with the phenological parameters extracted by the satellite-based method,
with an average bias of 9 days, while a larger bias of 19 days was observed for inclined camera observation. Therefore, the two camera
observation methods result in the verification deviations of up to 10 days on average. However, the deviations might be vegetation type and
growth stage dependently. The bias of vertical observation was remarkably higher than that of inclined observation during the end to
dormant period for maize. The different results of the vertical and inclined cameras on the similar vegetation can be partly explained from
the directional reflection characteristics of vegetation canopy and the difference of target components (e.g., different fractions of soil and
vegetation, photosynthetic and nonphotosynthetic components of vegetation) within the camera field of view. Results demonstrate that the
viewing zenith angle of the near-surface cameras is an important factor in the validation of satellite phenological parameters. In addition, the
uncertainty of verification results caused by the phenological period extraction method, illumination, and satellite observation geometry is
limited, which is not the main factor affecting the verification of satellite phenology parameters. As a result, the verification error introduced
by the angle effect should be fully considered while near surface cameras are deployed in the field to provide more reliable verification data
for satellite remote sensing monitoring.

Key words: remote sensing, digital camera, observation angle, remotely sensed phenology, near-surface phenology, vegetation greenness
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