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Abstract: The North China Plain is one of the important grain-producing regions in China. Monitoring crop growth in this
region is crucial for ensuring national food security. In recent years, high spatial-temporal resolution geostationary satellite
data has been widely applied in vegetation canopy photosynthesis research, providing technical support for high-precision
monitoring of crop photosynthesis. Utilizing data from the Japanese Himawari- 8 geostationary satellite to retrieve the near-
infrared reflectance (NIRv) and photosynthetically active radiation (PAR) for vegetation. The product of NIRv and PAR,
NIRvP, is used to estimate the gross primary productivity (GPP) of vegetation. Based on the estimated GPP and flux data
of winter wheat in the North China Plain area from January to July 2018, this study investigates the differences and
influencing factors of diurnal variations in GPP of winter wheat during the growing season. The results indicate that; (1)
NIRVP can effectively characterize the dynamic changes of winter wheat GPP in the North China Plain, showing strong
correlations at half-hourly (R*=0.75), daily (R*=0.83), and monthly ( R*=0.97) scales, both NIRvP and estimated
GPP values( GPPe) capture the trend of GPP’s diurnal centroid shifting from afternoon to morning; (2) The effect of PAR
on GPP variation influences NIRvP's ability to characterize GPP changes. When PAR is the dominant factor of GPP
variation, NIRvP shows a strong correlation with GPP; (3) Seasonally, vapor pressure deficit ( VPD) and land surface
temperature show significant negative correlations with GPP during the growth period, whereas air temperature and PAR
exhibit significant positive correlations. The contribution rates of environmental factors to seasonal GPP variations are ranked
as; temperature > VPD > PAR. On a daily scale, PAR and temperature are the main drivers of diurnal GPP variations,
while VPD plays the dominant role at the hourly scale. In conclusion, geostationary satellite data can be utilized for large-
scale monitoring of the diurnal cycle of winter wheat GPP in the North China Plain. In the future, the utilization of high
spatial-temporal resolution satellite remote sensing data could provide a theoretical basis for policy-making aimed at the

sustainable development of agricultural fields in the North China Plain.

Key Words: North China Plain; winter wheat; photosynthesis; geostationary satellite; diurnal cycle
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Fig.1 The flux footprint of the flux tower
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Fig.3 The distribution of cloud-free remote sensing data
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Fig.8 Diurnal variation of GPP and remote sensing-derived environmental factor data over the growing season
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Table 4 Factors influencing GPP variation at daily scale

S = R 2 — v -
GPP 5 NIRVP [i] &2 pom pr TERBURES g AR
H 1 , Adjusted UES ¢ ES 4 -
R-squared between Model’s Dependent . . . Contribution P
NIRvP and GPP Date Ros d model’s ariabl Unstandardized — Standardized o
Ve an “square R-squared vanable coefficients coefficients rate

0.97 4.28 0.99 0.99 PAR 0.02 0.71 68.27% <0.01

LST 0.68 0.33 31.73% <0.01

0.95 4.18 >0.99 >0.99 PAR 0.01 0.58 54.72% <0.01

LST 0.74 0.48 45.28% <0.01

0.92 4.20 0.97 0.96 PAR 0.02 0.98 100% <0.01

0.80 5.03 >0.99 >0.99 PAR 0.02 1.92 25.30% <0.01

Tair 5.62 2.59 34.12% <0.01

VPD -2.33 -1.72 22.66% <0.01

LST -1.87 -1.36 17.92% 0.01

0.76 4.07 >0.99 >0.99 LST 0.39 0.55 50.46% <0.01

PAR <0.01 0.48 44.04% <0.01

Tsoil 0.11 0.06 5.50% <0.01

0.66 5.23 >0.99 >0.99 PAR 0.01 0.57 30.65% <0.01

Tair 0.78 0.72 38.71% <0.01

Tsoil -1.65 0.57 30.65% 0.03

GPP. B4 7 11 Gross primary productivity ; NIRvP ; A WO 2T A0 I S 2R 5% A A R S 22 X The product of near-infrared reflectance of
vegetation and photosynthetically active radiation;PAR:j\‘ﬁ*ﬂ’ﬁ%&EﬁT Photosynthetically active radiation;LST;imﬂéﬁfg Land surface temperature ; Tair;
SR Air temperature;VPD;f@.*ﬂﬂ(f"ﬁ}‘l—“\% Vapor pressure deficil;Tsoil;i%?ﬁf‘;‘ Soil temperature

x5 FHREGPPEUNMET
Table 5 Factors influencing GPP variation at seasonal scale

ARFRIELL R AL PRl R 4K

" A SRR R o ik
FiA R AR K7 pit s

Model's R-square Adj“;‘_‘;iu‘::je“ Dependent varisble Ut?:;i‘ﬁ‘fd Szz:fifiﬁd Contribution rate P
0.704 0.698 VPD 147 12 37.38% <0.01
LST -0.56 -0.32 9.97% <0.01

Tair 2.04 1.07 33.33% <0.01

PAR 0.02 0.62 19.31% <0.01
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BRI R X GPP AR SE M v] R AE— K Bl 4 B[R] 9 AR fe i A8 4k, LA BEE Sy i), b 27 AR 3 3 T g
SR TR B 00 6B A T A3 e T EE DU AT B s I AR B ROE B PE R . A SO AN BN GPP Ui 41
J =B, B E4F(08:00 2 10:00) FF4F(11:00 & 14:00) FIR4(15:00 Z 17:00) , F-43 943 =ASIFEL
HEFF AL WA 53T, IS IR R R A — RSB B vt GPP AR Lsem 22 5 (R 6)

x6 HHNEME GPP EUXIMEF

Table 6 Diurnal variation factors affecting GPP in different time segments

WRESF Al o
" " PR A% o " RS TTHRF
i w2 w2 i fLRE PR LA i
. . dependent . Standardized Contribution P
Time segment Model’s R-square  Adjusted model’s . Unstandardized ..
variable .. coefficients rate
R-square coefficients
It 0.74 0.73 PAR 0.03 0.92 38.33% <0.01
Morning VPD -1.35 -1.00 41.67% <0.01
Tsoil 1.24 0.48 20.00% <0.01
4 0.82 0.82 VPD -1.59 -1.17 61.26% <0.01
Noon Tsoil 2.94 0.74 38.74% <0.01
T 0.73 0.71 VPD -1.29 -1.15 51.11% <0.01
Afternoon LST 0.19 0.11 4.89% 0.47
PAR 0.01 0.53 23.56% <0.01
Tsoil 1.53 0.46 20.44% <0.01

VPD 7E H W& I B s GPP 8y 3 2 &R, 7 GPP 78k £ %32 VvPD 5 T3R5,
PAR BEHEBRTESD . L PAR RS20 ) R TR EE 10 R 2F PAR BYRZ 0 J1/N TR EE . & BB X GPP A8 4k
S0 N ICEN /NI IR B AR U . F2F . VPD(41.67% ) >PAR(38.33% ) >T 5 (20.00% ) ; H12F: VPD(61.26%)
>IEE (38.74%) 3 TF VPD(51.11% ) >i i (25.33% ) >PAR(23.56%) , 43 M4 i B GPP 2 A5 X = A Bl
TR o 248 A/ N A A VR H NEEAHLA , 38006 A A IR ST A BB 2 M, DT R AR Bl 22 0t 5 e
Pl iy ST
3 g
3.1 HERER LR TR AL A

AR S5 45 S 3 B M BR i 1k TR BE T LLRAE AR A 25 R 48 GPP 1Y H [RIAE 4L, Sl s D2 M A
R ARl 3 HERAL R, — etk B T R R Bk b TR AT A VR R B P A W 0 R e 4 PR 5 1Y)
P JpLios el g ALY SEE R R 1B AT EREE TR (GOES) BE K Hofts i B i, B ML 2% > Il a T
FE KRG 1 h 19 GPP e TOLA1E S RGN ™ SR AN, 2T ST M Bk 1k T 5 3 Ja%
AR TTE H B NIRvP AR T 2 M-S R 5 GPP B H ] 254k | Hashimoto 251! & BLIET GOES I
1) e e L2 IRARAX ( ABY) BRA5- 4 I — AL AT B 5 55 (NDVI) H MODIS 5 33 41 Mo il 2 3 1 37 T 38b 3 2% ) i bk 1
AR, A A AT R BRI AT DU ) K AT R K BRI O R R A R R H
[ AR Ak | 31X A PR IR — R — R AGE SR T G B R AR RS T R AR B MR 1 TR 8
AR K AR I FBDE A VR FHAAE DI R 10 AR £ i S s Wl s R T AT

HERE 1E TR 5 AR X 1k, AR U A A A a8, L H ERAERE T, R WA VE R H E) 28 £k
AL TR SR, H R T AR DA A S 2R GU I 5 (R B0 A a5 B AR b i T A A
F o SRR MODIS $i it 46 A6 J5 4 /N2 e B AR 45 R GE W A 2B 47 T 8481, 1 B MODIS
A 0 BRI, JC7k KA = R A B A A S RGP, BLAh, th Tl S BdR AR 2 8] L A e, — 284
LT U s B TS B A 25 A b AR — il Y AR SO T b ERER - TR S A NIRVP 782/t
ROEARGFHRAE T GPP 1 H NARfk , S ASRA Bk 1 TR T R DG A VR IR At T B H0
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3.2 FIH NIRvP BREDGEVER H NS IL AR s

NIRvP B2, A5 A NIRv #6471 GPP AR5 ixX 5 i die /b T - S50 T8 UL I AR £ % 45 SR 1
ST FEEIERN L, Dechant % & B NIRvP G844 REHHEAS A R 6206 A1 A A 25 284k, HAE K250
VT LT A5 R AT DR B G AE R SCR AR ) X sl NIRVP A HC T H OGS 4 R 50O (SIF) FIAE 8 52 bR
WA A R ST (APAR) , 53k 0 GPP A S M A OCE Y, 38 — SR oy 56T Bk i b T2 5580 , )
F LUE B8 0 Fema B2 i 28 071k %k GPP b A7 T4 TE, 4R, 26T NIRvP /9 GPP fhi T 7 ik 7E A 4 b B i
B I HAEASTR AR Al R 8 KA PEBE ™, X145 NIRvP ££ GPP Waili 5 1 A T2 (i B F A5

NIRvP 415 T 6 2 45K R B AR S5 B, T LU B A WA R B e R A S5 R 28 1k, (R G I Ji 32 26
B it o R g AR BRI B, 24 Khan 455 (8F58 & B0, 26T NIRvP f5 310 GPP BERERHE 20k &5 GPP H (Al
XTFRIEAS A YRR | 3 UESE T A B0 1 b ek 22 A48 A A SRR s A SCAY AT 285 SR EPIE 1 33 600 4 AH L
T GPP,NIRvP M9ZE 152U EE /N s PAR X GPP B2 ) K/ hvas 2 2] NIRvP #AE GPP Z8fb iy H:fE, PAR
J& GPP f EZLAYsZ K Z B, NIRVP (9 HERERE 4T, Bk, 76 A NIRvP K5 80455 GPP B, F5 Lt — 20 % Al
B AR E R
3.3 WA E MR RIS T 0]

P 5 AR B K ] AR S5 T BR ), AR SO —SERB e M . (1) A SO 25 JE R U X 45
RERRIFEI BT RAETCL AU SR DL R & A= e 7= A B B, R T2 I e B 5 sk
PEEAFAE—E M2 (2) AR PR BEE L 558 38 KGR XS TR B IL R, i T DR SR
[i) 43 HE AR A BR ), AR S B B 13 5 OT 3 7 A, JCi T e i — 20 i IXUR IX DL AL, 3X ] g R EUR &R
TR N SRR AR —  TTRE I NIRVP 5 GPP (i —EhE L (3) ASCH TG GPP 138 B 45 5L NIRvP
A EL T AE B 0 e 2 S5 A K P AR S5 8, NSRBI HE RIRBE M0 S 200 GPP H [ AR AL A B {EAR SCHF
FE DRI AR AR AR S R G0, PG W8 52 M A2 0, IO 23 X AR SCE5 18 7 A il 32 52 e, B NIRvP A DAAR &
MR X 38, GPP

H i 5¢ T HUE X b TR 7™ S S e A B 4 T Y, R D B0 9 26 WA M 2800 AT g2 i b 1 T2
BAE PAR A B0 22 A9 JE RO Chen 2508 50 UE T % 4% 4 BE A IE 32 (PLC) Bk /0 1 X M I Xof
NIRv 2R B AT A5 , AR BIBIFFE AT LA Zead B AR IE B9 NIRv AT PAR 315 H (%) NIRvP R 58 36 &2 22 H P [X.
BB GPP it Kong %" BRFFT I, 3T 150 25 0] 43 B 256 T3 L 400 ARG 1 D 3o JER RSO 31 B 5 30 e XL [XC
A LAEETE NIRVP RAE GPP [PERE . AR IAIST 0T LU i & Jre sl 25 il & 30, e A RIS B2 st 3 45 W b A3 T2
A 1k TR A 25 10143 B SRR 18] 209 2R 0 1 A 38, LUK B DG T T2 15 28 0 1 35 A0 XU X 0% A EE T
SR LR R Y A PR B Bt B B ) GPP AR S PRI R o AT Bib ) P R T R e 0k TR
FE B NIRvP 5 0CO-3 $2 40y SIF %54l , LLKEAE A 09 A= FRAE BN A5 I, B R A AL, GPP I s 8721k,

4 #ig

(1)NIRvP A UEHf R AE GPP H NAEFR4FAE . NIRvP 5 GPP e/t RBE(R*=0.75,P <0.01) (H R
FE(R*=0.83,P <0.01) F1H ] (R*=0.97,P =0.02) ) ELA 5 i A S, HL 9 25 4H 56 2 gl 5 2 Bl sk ) )
JERERMIE K, I T LA R T GPP Ak 5 AR A K 2 ) 1 R o i 3 A7 AE IR A R i AR AR
ZNEOUA R . GPP ATHE(GPP,) H PNIEME R AT [RIAHEE GPP . 1—3 h, H GPP fEFwm, LA
fWfk, GPP ZEViMEAEfLIITRE/NT GPP, Bl I [E] o] 2 2=HER  NIRvP 5 GPP 442 2] 1 GPP H (A B0
BT LR R

(2)PAR X} GPP ZEAL HAE FH 520 NIRvP FRAE GPP (IPERE, NIRvP 40 & 76 2 45 f K BHAR S5 B, 5
AEEHFEERBE A T RIS 00 R BRI N, RO, S50 GPP ARk il 3 2 PR R R BH AR B B i AR A PR
BLRET, NIRVP X H R AEPERE T 4
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(3) B IRBEELZEXT GPP BRI A X 52 1y B o) (8] RUBE AR f i A8 4k, #2225 RUE I, %) GPP ZE b BTk A
KEN N IREE B ZAR YN IR VPD F1 PAR, Hob VPD Fis R IE 5 GPP AR fL B A ¢, IR PAR 5
GPP AR R IEAHSG ;76 H R I, H N GPP ARy = 252 [ 2 2 PAR AR ; 76/ U |, VPD J2& GPP
AL R B E R  PAR L4 GPP AR L As2 M ) K TR, N, T 48 28 [l RS RUHERR 741
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